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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to polyol ether derivatives which are useful as polar oils, organic solvents, lubricants, 
synthetic lubricating oils, or refrigeration oils, or as intermediates in the production of the above oils, etc.; and to a method 
for producing the polyol ether derivatives: and also to a working fluid composition for a refrigerating machine using the 
10 above polyol ether derivatives as a base oil. Here, the term "polyol ether" means a partially etherified polyol. 

Discussion of the Related Art 

Recently, the use of dichlorodif luoromethane (CFC12) for refrigerators and car air conditioners has been restricted. 
15 and will be legally banned in order to protect the ozone layer. Also, the use of chlorodif luoromethane (HCFC22) for room 
air conditioners is about to be legally regulated. Thus, hydrofluorocarbons which do not destroy the ozone layer, such 
as 1 .1 .1 .2-tetrafluoroethane (HFC 1 34a). d if luoromethane (HFC32), and pentafluoroethane (HFC125). have been devel- 
oped as substitutes for CFC12 or HCFC22. 

However, since the polarity of hydrofluorocarbons is higher than that of CFC12 or HCFC22. the use of conventional 
20 lubricating oils, such as naphthenic mineral oils, poly-a-olefins, or alkylbenzenes, causes two-layer separation of the 
working fluid at low temperatures. This is due to poor compatibility between the conventional lubricating oils and 
hydrofluorocarbons. Two-layer separation hannpers oil return, which in turn interferes with heat transfer due to deposition 
of a thick oil film on a heat transfer surface of the condenser and evaporator used as heat exchangers. It can also cause 
significant failures, such as poor lubrication, and foaming upon starting operation. Therefore, the conventional refriger- 
25 ation oils cannot be used as refrigeration oils under these new refrigerant atmospheres. 

As for lubricity, CFC12 and HCFC22 generate hydrogen chloride upon partial decomposition. The hydrogen chloride 
thus formed reacts with the friction surface to form a coating of chlorides, thereby improving the lubricity. On the other 
hand, non chlorine containing hydrofluorocarbons are not expected to have such an effect; therefore, refrigeration oils 
used in combination with hydrofluorocarbons are required to have a further excellent lubricity when compared to the 
30 conventional refrigeration oils. 

In addition, the refrigeration oils used In combination with hydrofluorocarbons have to have good thermal stability 
in the presence of hydrofluorocarbons. 

Moreover, with compression-type refrigerating machines for electric refrigerators and air conditioners, since organic 
materials are used for motor components, such as insulators and enameled wires, the working fluid comprising a 
35 hydrof luorocarbon and a refrigeration oil is required to have no adverse effects on these organic materials and also have 
a good insulating property. 

Refrigeration oils which can be used in combination with hydrofluorocarbons. such as 1.1,1.2-tetrafluoroethane 
(HFCl 34a). disclosed in U.S. Patent No. 4.755,31 6 and Japanese Patent Laid-Open No. 2-129294. are ether compounds 
of polyalkylene glycols (hereinafter abbreviated as PAG-OH) prepared by the addition of an alkylene oxide to a pdyhydric 
40 alcohol which is not alkyl-capped at the terminal hydroxyl. As an example of the polyhydric alcohols used, the former 
discloses trimethytol propane and the latter discloses glycerol. 

In order to solve various problems of the above compounds, such as poor compatibility with HFC and high hygro- 
scopicity, compounds prepared by alkyl-capping the terminal hydroxyl groups of the above ether compounds (hereinafter 
abbreviated as PAG) are disclosed in Japanese Patent Lald-Open Nos. 3-14894, 3-205492, 4-20596, 4-359996 and 5- 
45 98275. 

Since PAG-OH and PAG have a higher polarity than the naphthenic mineral oils, their compatibility with HFCl34a 
at low temperatures is good. However. PAG-OH and PAG phase-separate as the temperature increases as mentioned 
in U.S. R No. 4.755,31 6. There are also several problems with these compounds. For example, a poor insulating property 
Is one of the problems. Due to this significant problem, PAG-OH and PAG cannot be used for a refrigerating device of 

50 electric refrigerators and air conditioners where a motor is incorporated in a compressor. Therefore, applications of PAG- 
OH and PAG are proposed for car air conditioners where their poor insulating property does not cause any problems. 
High hygroscopicity is another significant problem of PAG-OH and PAG. The water absorbed by the compounds causes 
thermal instability of the compounds in the presence of HFCl 34a, and hydrolysis of organic materials, such as PET films. 
In order to solve the above problems of polyether compounds, such as poor insulating property and high hygro- 

55 scopicity, ester compounds and carbonate compounds have been developed. For example, mixed oils of polyether oils 
and ester oils are disclosed in U.S. Patent No. 4.851.144 (corresponding to Japanese Patent Laid-Open No. 2-276894) 
and Japanese Patent Laid-Open No. 2-158693; ester oils are disclosed in Japanese Patent Lald-Open Nos. 3-505602. 
3-128991 , and 3-128992; and carbonate oils aredisclosed in Japanese Patent Laid-Open Nos. 2-1321 78 and 3-149295. 
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and European Patent No. 421.298. Ail of the cxsmpounds disclosed can be used as a refrigeration oil in combination 
with 1.1,1,2-tetrafluoroethane (HFCl34a). 

: :.:Ester compounds and carbonate compounds show good compatibility with hydro! luorocarbons and high thermal 
stability in the presence of hydrofluorocarbons. Also, these compounds have markedly better insulating properties and 

5 much lower hygroscopicity than polyether compounds. 

However, when compared with the conventional CFCl2-mineral oil working fluid system, both freon and oil tend to 
have a high polarity In the hydrof luorocarbon-ester oil system or hydro! luorocarbon-carbonate oil system, and the sys- 
tems become highly hygroscopic. Particularly, in the system using an ester oil, a carboxylic acid is likely to be tormed 
owing to hydrolysis of the ester oil, and the formed carboxylic acid may in turn corrode and wear down the metals. Also. 

10 in the case of using a carbonate oil, there arises such a problem that a non*condensable carbon dioxide gas is generated 
owing to hydrolysis of the carbonate oil to cause a low refrigerating capacity. 

In particular, in the case of room air conditioners, it is common practice to fill an air conditioner with a refrigerant 
upon installation. Therefore, unlike refrigerating machines for which filling of refrigerant is carried out in a factory, it is 
almost impossible to prevent a working fluid of room air conditioners from being contaminated with water. Therefore. 

75 there has been a concern about the reliability of the hydrof luorocarbon-ester oil system and hydrof luorocarbon-carbonate 
oil system, when used in room air conditioners. 

W093/24435 discloses that a polyvinyl ether compound having good compatibility with hydrofluorocarbons and 
good insulating property is prepared by polymerization of vinyl ether monomers and subsequent hydrogenation. How- 
ever, since the polyvinyl ether compound is synthesized by polymerization, it shows molecular weight distribution. There- 

20 fore, a part of high molecular weight polymers sometimes causes plugged capillaries of refrigerating machines and 
worsens the compatibility of the compound with hydrofluorocarbons. Also, the compound requires complicated post- 
treatment and cannot always be obtained in high yield because the vinyl ether monomers, the starting materials of the 
polyvinyl ether compound, are not stable substances. In particular, the yield of those with a tow degree of polymerization 
(around 6) is low. Some vinyl ether . monomers of certain structures cannot be easily obtained, and are. therefore, very 

25 expensive. 

As mentioned above, polyvinyl ether compourxis show molecular weight distribution. The products with higher 
molecular weights sometimes cause to impair the performance of the compounds. Polyvinyl ether compounds also have 
drawbacks of limited availability of the starting materials and poor yields of those with low degrees of polymerization, 
which together make the product cost expensive. 

30 The refrigerant-oil systems developed so far have various drawbacks as mentioned above. The hydrof luorocarbon- 
PAG (PAG-OH) oil system has problems in hygroscopicity and insulating property; and the hydrof luorocarbon-ester oil 
system and the hydrofluorocart)on-carbonate oil system have problems of poor hydrolysis resistance. Both of these 
systems are unsatisfactory as a working fluid composition for a refrigerating machine, because, as compared with the 
conventional CFC12-mineral oil system, they have higher hygroscopicity lower thermal stability, stronger deteriorating 

35 action on organic materials, and stronger effects to corrode and wear metals. Polyvinyl ether compounds show a molec- 
ular weight distribution and the molecules with high molecular weights cause to lower the compatibility with hydrofluor- 
ocarbons. Polyvinyl ether compounds also have drawbacks of limited availability of the starting materials and of high cost. 

SUMMARY OF THE INVENTION 

40 

Accordingly, it is an object of the present invention to provide novel polyol ether derivatives that can make an inex- 
pensive base oil for a working fluid composition for a refrigerating machine, the novel polyol ether derivatives having 
excellent compatibility with hydrofluorocarbons, high thermal stability, strong resistance against hydrolysis, appropriate 
kinematic viscosity, good fluidity at low temperatures, and especially good volume resistivity, thereby solving the above 
45 problems. 

It is another object of the present invention to provide a method by which the above polyol ether derivatives are 
industrially advantageously produced. 

It is still another object of the present invention to provide a working fluid composition for a refrigerating machine 
comprising a refrigeration oil containing, as a base oil, the polyol ether derivatives and a hydrofluorocarbon. 

so Known polyol ether derivatives each having an alcohol residue from a hexahydric alcohol, such as sorbitol and 
mannitol are hexamethyl ether, hexavinyl ether, hexaoleyl ether, 1.3,4,5.6-pentamethyl ether (monool). 2,3,4,5,6-pent- 
abenzyl ether (monool), 1 ,3,5-trimethyl-6-triphenyl methyl ether (diol), 1^2,5.6-tetrakistetradecyl ether (diol). 1 .4,5-triethyl 
ether (triol). 2.3.5-trisdodecyl ether (triol), 1 .6<iidodecyl ether (tetraol), 2.5-dibenzyl ether (tetraol), 1-t-butyl ether (pen- 
tad), and 1-hexadecyl ether (pentaol). 

55 However, polyol ether derivatives having an ether alkyi group (an alkyi group bound to an oxygen atom) which is 
branched at a-position, i.e. polyol ether derivatives having secondary or tertiary alkyi groups as an ether alkyi group: 
and polyol ether derivatives having branched ether alkyi groups of 3 to 17 carbon atoms have yet to be known except 
for those having t-butyl groups as ether alkyi groups. 
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As a result of intense research in view of the above objects, the present inventors have found that polyol ether 
derivatives having a certain structure and not having an alkyiene oxide group in a molecule can achieve the above objects. 

For producing such polyol ether derivatives, there have been methods in which a hexahydric alcohol reacts with an 
alkylating agent, such as a dialkyi sulfate, an alkyi tosylate, and an alkyi halide. The methods however have a problem 
that the desired product cannot be obtained in a high yield except when the atkyi of alkylating agent is a primary alkyi. 
and a problem that by-products such as sulfates and common salt are produced in high amounts, especially when the 
degree of etherification is increased, causing disadvantages in terms of production and economy. 

In this situation, the present inventors have found that the polyol ether derivatives of the present invention can easily 
be obtained by carrying out a reaction of a hexahydric alcohol with a carbonyl compound to form an intermediate cyclic 
acetal. and hydrogenating or hydrogenating and alkyl-capping the cyclic acetal to give the polyol ether derivatives. 

The present Invention has been achieved based upon the above findings. 

In brief, the present invention is directed to: 

(1) A polyol ether derivative represented by any one of the following general formulas (I) to (IV): 
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(IV) 

20 

wherein Ri represents a hydrogen atom, a linear alkyi group having 1-21 carbon atoms or a branched alkyi group 
having 3-21 carbon atoms; R2 represents a branched alkyi group having 3-17 carbon atoms when R-i represents a 

25 hydrogen atom, or R2 represents a linear alkyi group having 1-21 carbon atoms or a branched alkyi group having 
3-21 carbon atoms when Ri represents a linear alkyi group having 1-21 carbon atoms or a branched alkyi group 
having 3-21 carbon atoms; Ri and R2 may together join to form a ring with an alkylene group having 2-13 cartjon 
atoms; 2 to 6 pairs of Ri and R2 may be identical or different; k-i represents a number of 0-5, pi represents a number 
of 0-2. mi represents 0 or 1. wherein ki, pi and mi satisfy the equation k ^ (m ^ -1- 2)p ^ = 5 ; k2 and n2 each 

so represents a number of 0-4, P2 represents a number of 0-2. m2 represents 0 or 1 , wherein k2. P2. rn2 and n2 satisfy 
the equation kg + (mg + 2)P2 + Hg = 4 ; R3 represents a hydrogen atom, a linear alkyi group having 1-8 carbon 
atoms or a branched alkyi group having 3-8 carbon atoms; and repeating units in formulas (I) and (II), namely 
methylene groups substituted with oxygen-containing group (hereinafter, simply referred to as O-methylene groups) 
in the number of ki and cyclic acetal (or ketal) units in the number of pi in formula (I), and O-methylene groups in 

35 the numbers of kg and n2 and cyclic acetal (or ketal) units in the number of P2 in formula (II) may be arranged at 
random or in block form; 

(2) The polyol ether derivative described in (1) above, wherein an alcohol residue of the polyol ether derivative Is 
derived from sorbitol; 

(3) A method for producing a polyol ether derivative represented by any one of formulas (VII) to (X). comprising the 
40 steps of: 

reacting a hexahydric alcohol represented by the following formula (V): 



OH OH OH OH 
I I I I 
HO-CH2 -CH-CH-CH-CH-CH2 -OH (V) 



60 with a carbonyl compound represented by the following formula (VI): 

R.^ 

^ >C = 0 (VI) 

K 2 

wherein R-i represents a hydrogen atom, a linear alkyi group having 1-21 carbon atoms or a branched alkyi group 
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having 3-21 carbon atoms; and R2 represents a linear alkyi group having 1-21 carbon atoms or a branched alkyi 
group having 3-21 carbon atoms, or with a reactive derivative thereof, i.e., an acetal or a ketal, in the presence of 
an acid catalyst to form a cyclic acetal or a cyclic ketal; and 

hydrogenating, and optionally further alkylating the cyclic acetal or the cyclic ketal to give a polyol ether 
derivative represented by the following formulas (VII) to (X): 
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wherein Ri represents a hydrogen atom, a linear alkyi group having 1-21 carbon atoms or a branched alkyl group 
having 3-21 carbon atoms: R2 represents a linear alkyl group having 1-21 carbon aXovns or a branched alkyl group 
having 3-21 carbon atoms; Ri and R2 may together join to form a ring with an alkylene group having 2-13 carbon 
atoms; 2 to 6 pairs of Ri and R2 may be identical or different; ki represents a number of 0-5, pi represents a nurrbBr 
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of 0-2. mi represents 0 or 1, wherein k-i. pi and mi satisfy the equation + (m^ + 2)p^ & 5 ; k2 and n2 each 
represents a number of 0-4, P2 represents a number of 0-2, m2 represents 0 or 1, wherein k2, P2. ^2 and n2 satisfy 
.Jhe equation kg + {m2 2)P2 ng = 4 ; R3 represents a hydrogen atom, a linear alkyi group having 1-8 carbon 
atoms or a branched alky! group having 3-8 carbon atoms; and repeating units in formulas (VII) and (VIII). namely 
O-methylene groups in the number of k-i and cyclic acetal (or ketal) units in the number of pi in formula (VII), and 
-O-methylene groups in the number of k2 and n2 and cyclic acetal (or ketal) units in the number of P2 in formula (VIII) 
may be arranged at random or in block form; 

(4) The method described in (3) above, wherein the hexahydric alcohol represented by formula (V) is sorbitol; 

(5) The method described in (3) or (4) above, wherein, in formulas (VII) to (X), Ri represents a hydrogen atom and 
represents a linear alkyI group having 1-13 carbon atoms or a branched alkyI group having 3-13 carbon atoms, 

or wherein Ri and R2 in formulas (VII) to (X) each represents a linear alkyI group having 1-13 carbon atoms or a 
branched alkyI group having 3-13 carbon atoms; 

(6) A working fluid composition for a refrigerating machine, comprising a hydrofluorocarbon and a refrigeration oil 
containing a polyol ether derivative represented by the following formula (XI) as a base oil: 

R* R* 

' ' ' I 
0 0 0 0 

R* -OCHz CHCHCHCHCH2 0-R^ 

wherein Ri to R6 may be identical or different, each representing a linear alkyI group having 1-14 carbon atoms, a 
branched alkyI group having 3-14 carbon atoms or a cyclic alkyI group having 3-14 carbon atoms and the total 
number of carbon atoms of Ri to R6 being 8 to 40; 

(7) The working fluid composition for a refrigerating machine described in (6) above, wherein a hexahydric alcohol 
residue of the compound represented by formula (XI) is derived from sorbitol; 

(8) The working fluid composition for a refrigerating machine described in (6) or (7) above, wherein the compound 
represented by formula (XI) is synthesized by the steps of: 

reacting a hexahydric alcohol represented by the following formula (V): 

OH OH OH OH 
HO-CH2 -CH-CH-CH-CH-CH^ -OH (V) 

with (a) one or more carbonyl compounds represented by the following formula (XII) for ketalization or acetalization: 



wherein R7 represents a hydrogen atom, a linear alkyI group having 1-13 carbon atoms, a branched alkyI group 
having 3-13 carbon atoms or acyclic alkyI group having 3-13 carbon atoms, and R8 represents a linear alkyI group 
having 1-13 carbon atoms, a branched alkyI group having 3-13 carbon atoms or a cyclic alkyI group having 3-13 
carbon atoms with the proviso that R? and/or R8 have at least one hydrogen atom at a-position to the carbonyl 
group, and the total number of carbon atoms of P7 and R8 is 1-13; and R7 and R8 may together join to form a ring 
with an alkylene group having 2-13 carbon atoms, or with 

(b) reactive derivatives of the carbonyl compounds (ketal or acetal) for transketalization or transacetalization to 
obtain a cyclic ketal or a cyclic acetal; 

hydrogenating the cyclic ketal or the cyclic acetal to obtain a polyol ether; and 

alkylating the polyol ether to give a polyol ether derivative; 



9 



(XI) 
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(9) The working fluid composition for a refrigerating machine described in (6) or (7) above, which further comprises 
one or more compounds selected from the group consisting of (a) 0.05 to 2.0 parts by weight of an epoxy conpound. 
(b) 0.01 to 100 parts by weight of an orthoester compound, (c) 0.01 to 100 parts by weight of acetal or ketal. and 
(d) 0.05 to 5 parts by weight of carbodiimide. each amount of (a) to (d) being based on 100 parts by weight of the 
polyol ether derivative represented by formula (XI); 

(10) The working fluid composition for a refrigerating machine described in (8) above, which further comprises one 
or more compounds selected from the group consisting of (a) 0.05 to 2.0 parts by weight of an epoxy compound. 
(b) 0.01 to 100 parts by weight of an orthoester compound, (c) 0.01 to 100 parts by weight of acetal or ketal. and 
(d) 0.05 to 5 parts by weight of carbodiimide, each amount of (a) to (d) being based on 100 parts by weight of the 
polyol ether derivative represented by formula (Xt); 

(1 1) A working fluid composition for a refrigerating machine, comprising a hydrofluorocarbon and a refrigeration oil 
containing as a base oil a polyol ether derivative represented by the following formula (XIIIaa) or (XIIIbb): 
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20 
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wherein R'' to R6 may be identical or different, each representing a linear alkyi group having 1-14 carbon atoms, a 
branched alky! group having 3-14 carbon atoms or a cyclic alkyI group having 3-14 carbon atoms; represents 
an hydrogen atom, or a linear alkyI group having 1-13 carbon atoms, a branched alkyl group having 3-13 carbon 
atoms or a cyclic alkyl group having 3-13 carbon atoms; RS represents a linear alkyl group having 1-13 carbon 
atoms, a branched alkyl group having 3-13 carbon atoms or a cyclic alkyl group having 3-13 carbon atoms; R? and 
R8 may together join to form a ring with an alkylene group having 2-13 carbon atoms: the total number of carbon 
atoms is 8-40 for Ri . R2. R3, R6, R? and R8 in formula (XIIIaa). anc* tof • R"*. R®. formula (XIIIbb). 

and is 1 -13 for and R8 in formulas (XIIIaa and XIIIbb): and "a" to "e" are symbols for structure unit, and may be 
arranged in any sequential order; 

(12) The working fluid composition for a refrigerating machine described in (1 1 ) above, wherein a hexahydric alcohol 
residue of the compound represented by formula (XIIIaa) or (XIIIbb) derived from sorbitol; 

(13) The working fluid composition for a refrigerating machine described in (1 1 ) or (1 2) above, wherein the compound 
represented by formula (XIIIaa) ox (XIIIbb) <s synthesized by the steps of: 



50 



55 
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reacting a hexahydric alcohol represented by the following formula (V): 



5 



OH OH OH OH 
HO-CH, -CH-CH-CH-CH-CHa -OH 



(V) 



with (a) one or more carbonyl compounds represented by the following formula (XII) for ketalization or acetalization: 



wherein R7 represents a hydrogen atom, a linear alky! group having 1-13 carbon atoms, a branched alky! group 
20 having 3-13 carbon atoms or a cyclic alkyi group having 3-13 carbon atoms, and Rb represents a linear alkyi group 
having 1-13 carbon atoms, a branched alkyi group having 3-13 carbon atoms, or a cyclic alkyi group having 3-13 
carbon atoms with the proviso that R7 and/or Ro have at least one hydrogen atom at a-position to the cartjonyl 
group, and the total number of carbon atoms of R? and Rs is 1-13; and R7 and RS may together join to form a ring 
with an alkylene group having 2-13 carbon atoms; or with 
25 (b) reactive derivatives of the carbonyl compounds (ketal or acetal) thereof for transketalization or transacetalization 
to obtain a cyclic ketal or a cyclic acetat; 

hydrogenating the cyclic ketal or the cyclic acetal to obtain a polyol ether ketal or a polyol ether acetal: and 
alkylating the polyol ether ketal or the polyol ether acetal; 

(14) The working fluid composition for a refrigerating machine described in (1 1) or (12) above, which further com- 
30 prises one or more compounds selected from the group consisting of (a) 0.05 to 2.0 parts by weight of an epoxy 

compound, (b) 0.01 to 100 parts by weight of an orthoester compound, (c) 0.01 to 100 parts by weight of an acetal 
or a ketal, and (d) 0.05 to 5 parts by weight of cart)odiimide, each amount of (a) to (d) being based on 100 parts by 
weight of the polyol ether derivative represented by formula (XII I^a) or (XIIIbb): 

(1 5) The working fluid composition for a refrigerating machine described in ( 1 3) above, which further comprises one 
35 or more compounds selected from the group consisting of (a) 0.05 to 2.0 parts by weight of an epoxy compound. 

(b) 0.01 to 100 parts by weight of an orthoester compound, (c) 0.01 to 100 parts by weight of an acetal or a ketal. 
and (d) 0.05 to 5 parts by weight of carbodiimide. each amount of (a) to (d) being based on 100 parts by weight of 
the polyol ether derivative represented by formula (XIMaa) or (><l'iBB)J 

(16) The working fluid composition for a refrigerating machine described in (6) or (1 1) above, wherein the polyol 
40 ether derivative has an average molecular weight in the range of from 200 to 800; 

(17) The working fluid composition for a refrigerating machine described in (6) or (11) above, wherein the polyol 
ether derivative has an average molecular weight in the range of from 300 to 700; 

(18) The working fluid composition for a refrigerating machine described in (6) or (11) above, wherein the polyol 
ether derivative has a viscosity at 100*^0 of from 0.5 to 30 mm2/s; and 

45 (19) The working fluid composition for a refrigerating machine described in (6) or (1 1) above, wherein the polyol 
ether derivative has a viscosity at 40«C of from 1 to 300 mm2/s. 

According to the present invention, novel and useful polyol ether derivatives usable for preparation of synthetic 
lubricating oils and other various purposes can be produced from inexpensive starting materials by simple process. 

so A working fluid composition for a refrigerating machine comprising a hydrof luorocarbon and a refrigeration oil con- 
taining as a base oil novel polyol ether derivative of the present invention has the following excellent properties: good 
compatibility, good thermal stability, high hydrolysis resistance, adequate kinematic viscosity, good fluidity at low tem- 
peratures, and noticeably high volume resistivity. Thus, a working fluid composition for a refrigerating machine of the 
present invention can suitably be used for motor-integrated conrpression refrigerating machines used for refrigerators 

55 and room air conditioners. 
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DETAILED DESCRIPTION OF THE INVENTION 

Here, for the sake o1 convenience, the present invention will be described in more detail according to the following 
three p&hs: (1 ) 'iMovel polyol ether derivatives; (2) A novel method for producing polyol ether derivatives; and (3) A working 
fluid conrposition for a refrigerating machine comprising a refrigeration oil containing as a base oil polyol ether derivatives 
and a.hydrofluorocarbon. In the present specification, substituent groups in the formulas are defined for each formula. 
Therefore, it should be noted that the definition for R2, for example, is different between formulas (l)-(IV) and formulas 
(VI)-(X) and that it is interpreted differently between these two groups of formulas. Also, it should be noted that superior 
figurei5'(e.g.. R2) in formulas (XI), (XIIIaa) and (XIIIbb) are used to clearly indicate that these substituents are defined 
differently from those In the other formulas (i.e.. formulas (I) to (IV) and (VI) to (X)) where inferior figures (e.g., R2) are 
used. 

Novel Dotvol ether derivatives 

The novel polyol ether derivatives of the present invention are represented by any one of formulas (I) to (IV). 

In formulas (I) to (IV), R-i represents a hydrogen atom, a linear alkyi group having 1 -21 carbon atoms or a branched 
alkyi group having 3-21 carbon atoms. Examples of the linear alkyI groups having 1-21 carbon atoms include methyl, 
ethyl, propyl, butyl, pentyl. hexyl, heptyl, octyl. nonyl, undecyl, tridecyl. pentadecyl, heptadecyl. nonadecyl, and henei- 
cosyl; and examples of branched alkyls having 3-21 carbon atoms include 1-methyloctadecyl. Klecylundecyl. and 2- 
methyleicosyl in addition to the branched alkyls having 3-17 carbon atoms exemplified below. 

In formulas (I) to (IV). when Ri represents a hydrogen atom. R2 represents a branched alkyi having 3-17 carbon 
atoms, preferably 3-12 cart>on atoms. Branched alkyls having 3-17 carbon atoms represented by R2 are exemplified 
below. 

Examples of a-methyl-branched alkyls include isopropyl. 1-methylpropyl. 1-methylbutyl. 1 -methylpentyl, 1-methyl- 
hexyl, 1-methylheptyl, 1 -methyl octyl, 1-methylnonyl, 1 -methyldecyl. 1 -methylundecyl. and 1-methylhexadecyl. 

Examples of other a-branched alkyls include 1-ethylpropyl, 1-ethylbutyl, 1-ethylpentyl. 1-propylbutyl. 1-ethylhexyl, 
1-propylpentyl, 1 -ethylheptyl. 1-propylhexyl. 1 -butylpentyl. 1-pentylhexyl. 1-hexylheptyl. 1 -octylnonyl, and 1-hexylunde- 
cyl. Examples of cyclic alkyls branched at a-positlon include cyclopentyl. cyclohexyl, 3-(2'.2'.5'-trimethylcyclohexyl)pro- 
pyl, and 1-cyclohexylmethyl. 

Examples of a- and other polybranched alkyls having one or more branches at positions other than a-position include 
1 .2-dimethylpropyl. 1 .2-dimethylbutyl, 1 ,3-dimethylbutyl, 1 -ethyl-2-methylpropyl, di isopropyl methyl, 1.4-dimethylpentyl, 

1- isopropylbutyl. 1,3,3-trimethylbutyl. 1.5-dimethylhexyl, 1-ethyl-2-methylpentyl, 1 -butyl-2-methylpropyl. 1 -ethyl-3-meth- 
ylpentyl. diisobutylmethyl. and 1.5,9-trimethyldecyl. 

Examples of p-branched alkyls include 2-methylpropyl. 2-methylbutyl. 2-methylpentyl, 2-ethylbutyl. 2-methylhexyl. 

2- ethylpentyl. 2-methylheptyl, 2-ethylhexyl. and 2-propylpentyl. 

Examples of p- and other polybranched alkyls having one or more branches at positions other than a- and p-posltions 
include 2,3-dimethylbutyl, 2,4,4-trimethylpentyl. and 2-isopropyl-5-methylhexyl. 

Examples of other branched alkyls having one or more branches at positions other than a- and p-posltions include 

3- methylbutyl, 3-methylperrtyl, 4-methyIpentyl. 3.3-dlmethylbutyl, 3-methylhexyl. 4-methylhexyl, 5-methylhexyl. 3,5.5-trl- 
methylhexyl, isodecyl, 3,7-dimethyloctyl. and isoheptadecyl. 

Examples of alkyls having a tertiary carbon with no hydrogen atom at p-position include 2,2-dlmethylpropyl, 2,2- 
dimethylbutyl, 2. 2-dimethylbutyl, 1,2,2-trimethylpropyl, 1 -ethyl-2.2-dimethylpropyl, 2.2-dimethylpentyl, and 2.3-dimethyi- 

2- isopropylbutyl. 

In formulas (I) to (IV), when Ri represents a linear alkyi group having 1-21 carbon atoms or a branched alkyi group 
having 3-21 carbon atoms. R2 represents a linear alkyi group having 1 -21 carton atoms or a branched alkyi group having 

3- 21 carbon atoms. Preferably, Ri and R2 independently represent a linear alkyi group having 1-12 carbon atoms or a 
branched alkyi group having 3-12 carbon atoms. Examples of the linear alkyi groups having 1-21 carbon atoms repre- 
sented by R2 are the same as those exemplified above for Ri. 

Alternatively R 1 and R2 may together join to form a ring with an alkylene group having 2-13 carbon atonns. Examples 
of alkylene groups include ethylene, trimethylene, tetramethylene, pentamethylene, hexamethylene. 1 -methyltetrame- 
thylene, 2-methyltetramethylene, 1-methylpentamethylene, 2-methylpentamethylene, 3-methylpentamethylene, 1,3- 
dimethylpentamethylene. 1.6-dimethylpentamethylene. 2,2.4-trimethylpentamethylene, 1-tert-butylpentamethylene, 3- 
tert-butylpentamethylene, 1-i5opropyl-3-methylpentamethylene, and nonamethylene groups. Examples of linear alkyi 
group having 1 -8 carbon atoms or a branched alkyls having 3-8 carbon atoms represented by R3 include methyl, ethyl, 
propyl, butyl, isobutyl. hexyl, and 2-ethylhexyl, with a preference given to methyl or ethyl. 

Of the polyol ether derivatives represented by formulas (I) to (IV), those of which alcohol residue is derived from 
sorbitol are preferable. 

The following are examples (compound names and structures) of polyol ether derivatives represented by formulas 
(I) to (IV), but the present invention are not limited to the examples: 
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1 ,6-di-0-(1 -melhylethyl)sorbitol 



CHa -CH-CH-CH-CH-CHa 

0 OH OH OH OH 0 

1 A 



75 2,4.5-tri-0-methyl-1 ,3,6-tri-0-(3.5.5-trimethylhexyl)soit)itol 



CH2 -CH CH-CH CH CH2 

I I II I I 

O OCHa 0 OCH3 OCHa O 

R R R 



(R: 3,5,5-lrimethylhexyl group) 

1 .6-di-0-( 1 -methylbutyl)-3.4-0-( 1 -methylbLrtylidene)sorb»ol 



^ C H , C H CH-CH C H C H 

O OH O O OH 0 
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(2) Novel method for producina polvol ether derivatives 

A method of the present invention comprises the steps of reacting a hexahydric alcohol represented by formula (V) 
with a carbonyl compound (ketone or aldehyde) or with a reactive derivative thereof (ketal or acetal) in the presence of 
45 acid catalyst to form a cyclic acetal or ketal; and hydrogenating, or hydrogenating and further alkylating the cyclic acetal 
or ketal to give polyol ether derivatives represented by formulas (Vll) to (X). Here, "alkylating" means a reaction that may 
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also be referred to as "alkyl-capping," The reactions proceed as shown in the following steps: 
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In the above formulas. Ri represents a hydrogen atom, a linear alkyi group having 1 -21 carbon atoms or a branched 
alkyi group having 3-21 carbon atoms. When Ri is a hydrogen atom. R2 is a linear alkyI group having 1-21 carbon atoms 
or a branched alkyi group having 3-21 carbon atoms, preferably a linear alkyi group having 1-17 carbon atoms or a 
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branched alkyi group having 3-17 carbon atoms, more preferably a linear alkyi group having 1-18 carbon atoms or a 
branched alkyi group having 3-1 8 carbon atoms. When Ri is a linear alkyi group having 1 -21 carbon atoms or a branched 
alkyi. group ^having 3-21 carbon atoms, R2 is a linear alkyi group having 1-21 carbon atoms or a branched alkyi group 
having 3-2l'carbon atoms. It is preferable that both Ri and R2 independently are a linear alkyi group having 1 -1 3 carbon 
5 atoms or a branched alkyi group having 3-13 carbon atoms. 

Examples of linear alkyi groups having 1-8 carbon atoms or a branched alkyi groups having 3-8 carbon atoms 
represented by R3 include methyl, ethyl, propyl, butyl, isobutyl. hexyl. and 2-ethylhexyl, with a preference given to methyl 
or ethyl. 

^R4 represents a linear alkyi group having 1-6 carbon atoms or a branched alkyi group having 3-6 carbon atoms. Y 
10 represents a residue of an alkylating agent,. 

In brief, the polyol ether derivatives of the present invention are produced by the following steps: 
reacting a hexahydric alcohol such as sorbitol and mannltol represented by formula (V) with a carbonyl compound 
such as a ketone and an aldehyde represented by formula (VI) for dehydration, or with a reactive derivative thereof 
represented by formula (2-Vr) for deaicoholization. both In the presence of acid catalyst to give a cyclic acetal or ketal 
15 represented by formula (2-XIV); and 

hydrogenating the cyclic acetal or ketal to give a polyol ether or a polyol ether acetal or ketal (here, "polyol ether 
acetal or ketal" means partially etherrfied and partially acetalized or ketalized polyol); or 

further alkylating the polyol ether or the polyol ether acetal or ketal to give an alkylated (alkyl-capped) ether 
represented by formulas (2-XVIa) and (2-XVIb) after hydrogenation as mentioned above. 
20 The starting materials used in the above-mentioned reactions will be described in detail. 

Hexahvdric alcohol 

Examples of hexahydric alcohols usable in the present invention are those represented by formula (V), which include 
25 hexytols obtained by reducing hexoses, such as sorbitol, mannitol, galactitol, iditol. talitol. and allitol. From the view point 
of availability and cost, sorbitol is the most preferable. 

Carbonvl compound 

30 The carbonyl compounds usable in the present invention and represented by formula (VI) are ketones and aldehydes. 
Ketones are readily obtained by high temperature decarboxylating dimerization of fatty acids, catalytic oxidation of olefins 
(Wacker process), oxidation-dehydrogenation of secondary alcohols, and oxidation of cycloalkanes. Ketones obtained 
by Wacker process show a molecular weight distribution, but they can be separated and purified by rectification. The 
ketones usable in the present invention are exemplified below, but not limited to these examples. 

35 Examples of methyl alkyi ketones include acetone, methyl ethyl ketone, methyl propyl ketone, methyl butyl ketone, 
methyl amyl ketone, methyl hexyl ketone, methyl heptyl ketone, methyl octyl ketone, methyl nonyl ketone, methyl undecyl 
ketone, and methyl heptadecyl ketone. 

Examples of dialkyi ketones include diethyl ketone, ethyl propyl ketone, ethyl butyl ketone, dipropyl ketone, ethyl 
pentyl ketone, ethyl hexyl ketone, dibutyl ketone, depentyl ketone, dihexyl ketone, diundecyt ketone, and diheptadecyl 

40 ketone. 

Examples of polybranched ketones include methyl isopropyl ketone, methyl sec-butyl ketone, methyl isobutyl ketone, 
ethyl isopropyl ketone, methyl tert-butyl ketone, diisopropyl ketone, methyl isoamy! ketone, isopropyl propyl ketone, 
methyl neopentyl ketone, ethyl tert-butyl ketone. 6-methyl-2-heptanone, 4-methyl-3-heptanone, 2-methyl-3-heptanone, 
5-methyl-3-heptanone. diisobutyl ketone, and 6.10-dimethyl-2-undecanone. 

45 Examples of cyclic ketones include cyclopropanone, cyclobutanone, cyclopentanone. cyclohexanone, 2-methyl 
cyclopentanone, 3-methylcyclopentanone, 2-methylcyclohexanone, 3-methylcyclohexanone. 4-methylcyclohexanone. 
cycloheptanone, 2,4-dimethylcyclohexanone, 2.6-dimethylcyclohexanone. 3,3,5-trimethylcyclohexanone. 2-tert-butylcy- 
clohexanone. 4-tert-butylcyclohexanone, 2-isopropyl-4-methylcyclohexanone, and cyclodecanone. 

Examples of cyclic alkyi ketones include methyl cyclohexyl ketone, and 5-(2\2\5'-trimethylcyclohexyl)-2-pentanone. 

so Aldehydes used in the present invention are those readily prepared by the following methods: dehydrogenation of 
fatty alcohols, hydroformylation of olefins (0x0 method). Rosenmund reduction of fatty acid chlorides, and direct hydro- 
genation of fatty acids. In the case of the 0x0 method, both linear and branched aldehydes are produced, but they can 
be separated and purified by rectification. 

The aldehydes mentioned below are just examples usable in the present Invention and are not limitative. 
55 Examples of linear alkyi aldehydes include acetaldehyde. propionaldehyde, butyraldehyde, valeraldehyde. caproal- 
dehyde. heptanal, octanal, decanal, dodecanal, tetradecanal. octadecanal, and behenaldehyde. 

Examples of a-branched alkyi aldehydes include isobutyraldehyde, 2-methylbutyraldehyde, 2-methylpentanal. 2- 
ethylbutanal, 2-methylhexanal. 2-ethylpentanal. 2-methylheptanal. 2-ethylhexanal, and 2-propylpentanal. 
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Examples of a- and other polybranched alkyi aldehydes having one or more branches at positions other than o- 
position include 2.3-dimethylbutanal, 2.4,4-trlmethylpentanal, and 2-isopropyl-5-methylhexanal. 

Other examples o1 other branched alkyI aldehydes having one or more branches at positions other than a-position 
include isovaleraldehyde, 3-methylpentanal, 4-methylpentanal, 3,3-dimethylbutanal. 3-methylhexanaI, 4-methylhexana!, 
5 5-methylhexanal. 3.5,5-trimethylhexanal, isodecylaldehyde, 3.7-dimethyloctanal, and isooctadecanal. 

Examples of cyclic alky! aldehydes include cyclopentylacetatdehyde. and cyclohexylacetaldehyde. 

Reactive derivatives of carbonvl compounds 

10 Reactive derivatives of carbonyl compounds used in the present Invention are ketals and acetals represented by 
formula (2-Vr) which can readily be obtained by the reaction of a ketone or aldehyde as mentioned above with a lower 
alcohol having 1 -6 carbon atoms in the presence of an acid catalyst. Examples of lower alcohols having 1 -6 carbon 
atoms which give R4 residue include methanol, ethanol, propanol, isopropanol. butanol» isobutanol. sec-butanol. tert- 
butanol. amyl alcohol. Isoamyl alcohol, neopentyl alcohol, 1-methylbutanol, 1,1-dimethylpropanol. 1-ethylpropanol. hex- 

IS anol. isohexanol. 2-ethylbutanol. 1-methylamyl alcohol, 1 .3-dimethylbutanol, and Vethylbutanol. 

Ketalization 

In the present invention, the reaction between a hexahydric alcohol represented by formula (V) and a ketone Is 
20 ketalization. The molar ratio of the ketone to the hexahydric alcohol is in the range of from 1 to 15, preferably from 1 ,5 
to 7.5. This reaction requires an acidic catalyst, such as p-toluenesulfonic acid, methanesulfonic acid, and sulfuric acid 
in an amount of 0.05 to 10 mole %, preferably 0.1 to 7 mole %. and more preferably 0.5 to 5 mole % to the amount of 
the hexahydric alcohol represented by formula (V). 

The above reaction may be carried out with or without solvents. Solvents usable In the present invention include 
25 inert solvents, such as xylene, toluene, benzene, octane, isooctane, heptane, hexane. cyclohexane. pentane, ligroin, 
and petroleum ether. These solvents are used singly or in combination. The reaction temperature depends upon the 
boiling point of the ketone used, and the reaction is normally carried out at a temperature of from 40 to leo^C, preferably 
from 60 to 100*^0. while removing the water formed in the process of the reaction. There are also some cases where 
the reaction can effectively be carried out under a reduced pressure. In the above temperature range, the reaction can 
30 favorably proceed and coloration due to side reactions is less likely to occur. Also, the reaction may be carried out in a 
nitrogen stream, nitrogen atmosphere, or dry air. The reaction time varies with reaction conditions employed, but it is 
generally preferred to continue the reaction for 5 to 200 hours. The cyclic ketals obtained (2-XlV) are neutralized and 
subjected to pretreatments. such as filtration and washing. Then, the ketals can be purified by such means as adsorption, 
crystallization, and distillation. 

35 

Acetalization 

In the present invention, the reaction between a hexahydric alcohol represented by formula (V) and an aldehyde Is 
acetalization. The molar ratio of the aWehyde to the hexahydric alcohol is in the range of from 1 to 6. preferably from 

40 1.5 to 3.8. This reaction requires an acidic catalyst, such as p-toluenesulfonic acid, methanesulfonic acid, and sulfuric 
acid, in an amount of 0.01 to 5 mole %. preferably 0.05 to 3 mole %. and more preferably 0.1 to 2 mole % to the amount 
of the hexahydric alcohol represented by formula (V). 

The above reaction may be carried out with or without solvents. Solvents usable in the present invention include 
inert solvents, such as xylene, toluene, benzene, octane, Isooctane, heptane, hexane, cyclohexane, pentane, ligroin, 

45 and petroleum ether. These solvents are used singly or in combination. The reaction temperature depends upon the 
boiling point of the aldehyde used, and the reaction is normally carried out at a temperature of from 20 to 1 30**C, preferably 
from 40 to 1 00*'C, while removing the water In the process of the reaction. There are also some cases where the reaction 
can effectively proceed under a reduced pressure, in the above temperature range, the reaction can favorably proceed 
and coloration due to side reactions is less likely to occur. Also, the reaction may be carried out In a nitrogen stream, 

50 nitrogen atmosphere, or dry air. The reaction time varies with reaction conditions employed, but it is generally preferred 
to continue the reaction for 1 to 30 hours. The cyclic acetals obtained (2-XIV) are neutralized and subjected to pretreat- 
ments, such as filtration and washing. Th^n. the acetals can be purified by conventional means, such as adsorption, 
crystallization, and distillation. 

55 Transketalizatlon 

In the present invention, the reaction between a hexahydric alcohol represented by formula (V) and a ketal (2-VI'). 
a reactive derivative of ketone, is transketalizatlon. The molar ratio of the ketal to the hexahydric alcohol is in the range 
of from 1 to 15, preferably from 1.5 to 7.5. This reaction requires an acidic catalyst, such as p-toluenesulfonic add. 
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methanesulfonic acid, and sulfuric acid, in an amount o1 0.05 to 10 mole %, preferably 0.1 to 7 mole %. and more 
preferably 0.5 to 5 mole % to the amount of the hexahydric alcohol represented by formula (V). 

The above reaction may be carried out with or without solvents. Solvents usable in the present invention include 
inert solvents, such as xylene, toluene, benzene, octane, isooctane, heptane, hexane. cyclohexane. pentane. ligroin. 

5 and petroleum ether. These solvents are used singly or in combination. Though the reaction temperature depends upon 
the boiling points of the ketal (2-VI') used and the lower alcohol formed, the reaction is carried out at a temperature of 
from 40 to 160**C, preferably from 60 to ISO^'C. while removing the lower alcohol formed in the process of the reaction. 
There are also some cases where the reaction can eflectively be carried out under a reduced pressure. In the above 
terrperature range, the reaction can favorably proceed and coloration due to side reactions is less likely to occur. Also. 

10 the reaction may be carried out in a nitrogen stream, nitrogen atmosphere, or dry air. The reaction time varies with 
reaction conditions employed, but it is generally preferred to continue the reaction for 5 to 200 hours. The cyclic ketals 
obtained (2-XIV) are neutralized and subjected to pretreatments, such as filtration and washing. Then, the cyclic ketals 
can be purified by conventional means, such as adsorption, crystallization, and distillation. 

15 Transacetalization 

In the present invention, the reaction between a hexahydric alcohol represented by formula (V) and an acetal (2- 
vr), a reactive derivative of aldehyde, is transacetalization. The molar ratio of the acetal (2-Vr) to the hexahydric alcohol 
is in the range of from 1 .5 to 6. preferably from 2.7 to 3.8. This reaction requires an acidic catalyst, such as p-toluenesul- 

20 fonic acid, methanesulfonic acid, and sulfuric acid, in an amount of 0.01 to 5 mole %, preferably 0.05 to 3 mole %. and 
more preferably 0.1 to 2 mole % to the amount of the hexahydric alcohol represented by formula (V). 

The above reaction may be carried out with or without solvents. Solvents usable in the present invention include 
inert solvents, such as xylene, toluene, benzene, octane, isooctane, heptane, hexane, cyclohexane, pentane, ligroin. 
and petroleum ether. These solvents are used singly or in combination. The reaction temperature depends upon the 

25 boiling points of the acetal used and the lower alcohol formed, and the reaction is normally carried out at a temperature 
of from 20 to 1 50'C. preferably from 40 to 130'C. while removing the lower alcohol formed In the process of the reaction. 
There are also some cases where the reaction can effectively proceed under a reduced pressure. In the above temper- 
ature range, the reaction can favorably proceed and coloration due to side reactions is less likely to occur. Also, the 
reaction may be carried out in a nitrogen stream, nitrogen atmosphere, or dry air. The reaction time varies with reaction 

30 conditions employed, but it is generally preferred to continue the reaction for 1 to 30 hours. The cyclic acetals obtained 
(2-XIV) are neutralized and subjected to pretreatments. such as filtration and washing. Then, the acetals can be purified 
by conventional means, such as adsorption, crystallization, and distillation. 

Hydrogenation 

35 

The hydrogenation of the cyclic ketal or cyclic acetal represented by formula (2-XIV) can be carried out using a 
conventional hydrogenolysis catalyst, such as palladium, rhodium, ruthenium, and platinum, in an amount of from 5 to 
5000 ppm to the amount of cyclic acetal or cyclic ketal, under normal to 250 kg/cm2 of hydrogen pressure, at a temper- 
ature of from 50 to 250^C. for 1 to 30 hours. The above hydrogenolysis catalysts may be carried on the surface of carriers. 

40 such as carbon, alumina, silica, diatomaceous earth, and titanium oxide, at a ratio of 0.1 to 20%. As for hydrogenolysis 
catalyst, palladium, especially having a pH of 5 to 8. is particularly preferable. It is also preferred to remove moisture 
from the catalyst before use. This reaction may be carried out with or without solvents. When a solvent is used, the 
following Inert solvents can be used singly or in combination: decane, octane, isooctane. heptane, hexane, and cyclohex- 
ane. The starting materials of cyclic acetals or ketals, such as hexahydric alcohols represented by formula (V). aldehydes. 

45 and ketones, may be added to the reaction system. Acidic substances, such as phosphoric acid, may be added in a 
slight amount. The reaction may be canrled out in a closed system or under a hydrogen stream. 

In this hydrogenation reaction, the bond between carbon and oxygen atoms in an acetal or ketal is reductively 
cleaved to give an ether and alcohol, and Intermolecular transformation of acetals or ketals occurs at the same time. 
Accordingly, the starting materials of triacetal or triketal generally can yield a mixture of alkyi ethers with different numbers 

50 of substituents ranging from 1 to 5. In the resulting alkyI ethers having the same number of substltuents, those etherif led 
at 1 and/or 6 positions are predominant. When the reaction is discontinued on the way, ether alcohols having acetal or 
ketal rings can be obtained. When alkyI ethers having a smaller number of alkyl or alkylidene substituents are to be 
obtained, acetals or ketals which are prepared by using an aldehyde or a ketone or a reactive derivative thereof in an 
amount smaller than the equivalent of a hexahydric alcohol may be subjected to the hydrogenation. AlkyI ethers with a 

55 smaller number of substituents can also be obtained by adding a hexahydric alcohol to a triacetal or a triketal, and 
carrying out the hydrogenation reaction. 

When alkyl ethers having a smaller number of alkyl substituents and no acetal or ketal rings are to be obtained, 
hydrogenation may be discontinued on the way and hydrolysis is carried out in a methanol or ethanol aqueous solution 
using p-toluensulfonic acid, sulfuric acid, or hydrochloric acid as a catalyst. 
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When alkyl ethers having a larger number of alkyi substituents are to be obtained in a larger quantity, an acetal or 
ketal is further added to the hydrogenation reaction system. 

The thus-obtained mixture of polyol ethers (2-XVa). the mixture of polyol ether acetals (2-XVb), or the mixture of 
polyo! either ketkis (2-XVb), each mixture containing hydrogenation products with different numbers of alkyl substituents. 
5 may be subjected to the subsequent alkylation directly, or, if necessary, after a desired polyol ether or the like is isolated. 

The isolation of a desired polyol ether or the like from the reaction mixtures can be carried out by conventional 
means after removing the catalyst used by filtration. For example, evaporation of solvent, washing, recrystallization, 
distillation, and chromatography may be employed solely or in combination. 

10 Alkylation (alkvl-capoinq) 



Ether compounds represented by formulas {2-XVIa) and (2-XVIb) are obtained by treating the hydroxyl groups of 
the polyol ethers (2-XVa) or polyol ether ketals or acetals {2-XVb) obtained by the above-mentioned process with a base, 
such as Na. NaH. NaOCHa. NaOH, and KOH, to give a corresponding alcoholate, and treating the alcoholate with an 

75 alkylating agent, such as an alkyl halide, dialkyl sulfate, and alkyl tosylate, to alkylate the hydroxyls of the polyol ethers 
or polyol ether ketals or acetals. 

The alkyl halides used in the above reaction include the following halogenated lower alkyls: chlorides of linear alkyls. 
such as methyl chloride, ethyl chloride, propyl chloride, butyl chloride, amyl chloride, hexyl chloride, and octyl chloride; 
chlorides of branched alkyls such as isopropyl chloride, isobutyl chloride, sec-butyl chloride, isoamyl chloride, neopentyl 

20 chloride, 1-methylbutyl chloride. 1-ethylpropyl chloride, isohexyl chloride. 2-ethylbutyl chloride, Vmethylamyl chloride, 
1-ethylbutyl chloride, and 2-ethylhexyl chloride; bromides of linear alkyls. such as methyl bromide, ethyl bromide, propyl 
bromide, butyl bromide, amyl bromide, and hexyl bromide; bromides of branched alkyls, such as isopropyl bromide, 
isobutyl bromide, sec-butyl bromide, isoamyl bromide, neopentyl bromide, 1 -methylbutyl bromide, 1 -ethylpropyl bromide, 
isohexyl bromide, 2-ethylbutyl bromide, 1-methylamyl bromide, 1-ethylbutyl bromide, and 2-ethylhexyl bromide; iodides 

25 of linear alkyls, such as methyl iodide, ethyl iodide, propyl iodide, butyl iodide, amyl iodide, and hexyl iodide; iodides of 
branched alkyls, such as isopropyl iodide, isobutyl Iodide, sec-butyl iodide, isoamyl Iodide, neopentyl iodide, 1-methyl- 
butyl iodide, 1-ethylpropyl iodide, isohexyl iodide, 2-ethyIbutyl iodide, 1-methylamyl iodide, 1 ,3 -di methylbutyl iodide, and 

1 -ethylbutyl iodide. In view of reactivity, a preference is given to primary alkyl halides. It is also preferred that these alkyl 
halides have a boiling point of not higher than SO^C so that chlorine, bromine or iodine will not remain after the reaction. 

30 Examples of dialkyl sulfates are the following lower dialkyl sulfates: linear dialkyl sulfates, such as dimethyl sulfate, 
diethyl sulfate, dipropyl sulfate, dibutyl sulfate, diamyl sulfate, and dihexyl sulfate; and branched dialkyl sulfates, such as 
diisopropyl sulfate, diisobutyl sulfate, di-sec-butyl sulfate, diisoamyl sulfate, dineopentyl sulfate, di( 1-methylbutyl) sulfate, 
di( 1-ethylpropyl) sulfate, diisohexyl sulfate. di(2 -ethylbutyl) sulfate. di( 1-methylamyl) sulfate, and di( 1-ethylbutyl) sulfate. 
In view of reactivity, a preference is given to primary alkyl sulfates. 

35 Examples of alkyl tosylates are the following lower alkyl tosylates: linear alkyl tosylates, such as methyl tosylate. 
ethyl tosylate, propyl tosylate. butyl tosylate, amyl tosylate, and hexyl tosylate; and branched alkyl tosylates, such as 
isopropyl tosylate, isobutyl tosylate. sec-butyl tosylate, isoamyl tosylate, neopentyl tosylate, 1-methylbutyl tosylate. 1- 
ethylpropyl tosylate. isohexyl tosylate, 2-ethylbutyl tosylate, 1 -methylamyl tosylate, 1 ,3-dimethyl tosylate, and 1 -ethylbutyl 
tosylate. In view of reactivity, a preference is given to primary alkyl tosylates. 

40 In the alkylation process, the molar ratio of a base to a hydroxyl group of polyol ethers (2-XVa) or polyol ether ketals 
or acetals (2-XVb) 's 1 .0 to 3.0. preferably 1 .0 to 1 .5: and the molar ratio of an alkylating agent to the hydroxyl group is 
1.0 to 3.0. preferably 1.0 to 1.5. The alcoholate forming reaction is carried out in an inert solvent or in a mixture of 
solvents, the solvents including xylene, toluene, benzene, octane, isooctane, heptane, hexane, cyclohexane. pentane, 
ligroin. petroleum ether, dimethyl sulfoxide, and 1 .2-dimethoxydiethane. at a temperature in the range of from room 

45 temperature to 1 10*C, the temperature depending on the boiling point and stability of the solvents used. Then. O-alkyla- 
tion is carried out by adding an alkylating agent dropwise at a temperature of from room temperature to 130**C, the 
temperature depending on the reactivity of the alkylating agent. The alcoholate forming reaction is continued for 0.5 to 

2 hours. The reaction time for O-alkylation depends on the degree of exotherm. and It is continued preferably for 0.5 to 
6 hours as long as the exothermic reaction can be kept under control. After the completion of the reaction, alcoholates 

so and the alkylating agents which remain unchanged are decomposed by adding an aqueous solution of an alkali, such 
as sodium hydroxide. After the resulting ether compounds represented by formulas (2-XVIa) and (2-XVIb) are subjected 
to pretreatments, such as extraction, filtration, and washing, and they are purified by such a means as adsorption, 
steaming, dehydration, and distillation. 

55 (3) A working fluid composition for a ref rioerating machine comorisinQ a refrioeration oil c ontaining polyol ether derivatives 
as a base oil and a hvdrofluorocarbon 

The working fluid composition for a refrigerating machine of the present invention is characterized by comprising 
polyol ether derivatives represented by formula (XI) as a base oil of a refrigeration oil. 
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In formula (X!). Ri to may be identical or different, each representing a linear alky! group having 1-14 carbon 
atoms, a branched alkyi group having 3-14 carbon atoms or a cyclic alkyl group having 3-14 carbon atoms. The total 
number of carbon atoms of R'" to R6 is in the range of from 8 to 40. 

Generally, the compatibility of a compound used as a t^se oil with a hydrofluorocarbon becomes better as the 
5 polarity increases, whereas the insulating property becomes better as the polarity decreases. Therefore, it is important 
to appropriately balance the polarity of a compound used as a base oil of a refrigeration oil. 

In the case of an alkyl ether having an alcohol residue with a small number of hydroxyls. e.g., 3 to 4 hydroxyls, it is 
required for the alkyl group of the ether to have a larger number of carbon atoms to get an appropriate viscosity. This 
makes the polarity of the alkyl ether lower, and thereby makes the compatibility with a hydrofluorocarbon poor. On the 
10 othier hand, in the case of an alkyl ether having an alcohol residue with a large number of hydroxyls. e.g., 12 to 13 
hydroxyls, it Is required for the alkyl group of the ether to have a smaller number of carbon atoms to get an appropriate 
viscosity. This makes the polarity of the alkyl ether higher and thereby makes the insulating property poor. Therefore, 
an alcohol residue having 6 hydroxyls is particularly preferable for appropriately balancing the above factors. 

The hexahydric alcohols, which give the hexahydric alcohol residue (the structure which remains after deleting R^^O- 
75 to R60- from formula (X!)), include the hexahydric alcohols exemplified as the starting materials set forth in "(2) A novel 
method for producing polyol ether derivatives." Among the examples, sorbitol is the most preferable in terms of availability 
and cost. 

The linear alkyl group having 1-14 cartx>n atoms, the branched alkyl group having 3-14 carbon atoms or the cyclic 
alkyl group having 3-14 carbon atoms represented by R^ to R6 in formula (XI) are those as exemplified below. 

20 Among the examples of linear alkyl groups having 1 -21 carbon atoms or branched alkyl groups having 3-21 carbon 
atoms represented by Ri set forth in "(1) Novel polyol ether derivatives." those having 1-14 cartoon atoms can be exam- 
ples of the alkyls represented by R"" to R6 in formula (XI). Also, alkyls having a tertiary and no hydrogen atom at a- 
position can be exemplified by 1,1-dimethylethyl, 1-methylcyclopropyl, 1,1-dimethylpropyl, 1-methylcyclobutyl, 1.1- 
dimethylbutyl. i,1.2-trimethylpropyl. 1 -methylcyclopentyl, 1.1-dimethylpentyl, 1-methyl-1-ethylbutyl, 1.1-diethylpropyl. 

25 and 1 , 1 -diethylbutyl. 

Examples of a-cyclic alkyl groups include cyclopropyl. cyclobutyl, cyclopentyl. cyclohexyl, cycloheptyl. 2-methylcy- 
clopentyl. 3-methylcyclopentyl, 2-methylcyclohexyl, 3-methylcyclohexyl, 4-methylcyclohexyl, 2,4-dimethylcyclohexyl. 
2,6-dimethylcyclohexyl. 3,3,5-trimethylcyclohexyl, 2-tert-butylcyclohexyl, 4-tert-butylcyclohexyl, 2-isopropyl-4-methylcy- 
clohexyl. and cyclodecyl. 

30 Examples of cycloalkyi groups include cyclopentylmethyl. cyclohexyimethyl. 1-methyl-4-(2'2*5'-trimethylcy- 
clohexyl)butyl, and 1 -cyclohexyl ethyl. 

Examples of alkyl groups having tert-carbons and no hydrogen atoms at both a- and p-positions include 1.1,2.2- 
tetramethylpropyl, 1,1,2.2-tetramethyibutyl, and 1.1,2,2-tetramethylhexyl. 

For satisfactory compatibility with hydrofluorocarbpns and insulating property, the ratio of the total number of carbon 
35 atoms to the total number of oxygen atoms in a molecule (C/O) is preferably in the range of from 2.5 to 7.5, more 
preferably 3,0 to 7.0. even more preferably 3.0 to 7.0. and particularly preferably 4.0 to 6.0. 

Accordingly, the total number of carbon atoms is normally in the range of 8 to 40. preferably 9 to 39, more preferably 
12 to 36. and still more preferably 18 to 30. When the total number of carbon atoms is less than 8, it results in poor 
insulating property; when it is higher than 40, compatibility with hydrofluorocarbons becomes poor. 
40 In order to get better compatibility with hydrofluorocarbons, branched and cyclic alkyls are preferred to linear alkyls. 
Between branched and cyclic alkyls. a preference is given to branched alkyls. Alkenyls and alkinyls having unsaturated 
bonds are not preferable because of poor thermal stability 

The names and structures of the polyol ether derivatives represented by formula (XI) are listed below. However, 
they are not limitative, and compounds represented by formulas (Xlll;^^ and (XlllQg) are also included in the polyol ether 
45 derivatives of the present invention. 

1) 2.3.4.5-tetra-0-methyl-1 .6-di-0-(3.5,5-trimethylhexyl)sorbitol 



so 




55 
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2) 2.4.5-tri-O-methyl-l .3.6-tri-0-(3.5.5-trimethylhGxyl)sorbitol 



OCH, OCH, 



10 




3) 1.6KJi-0-(3.5,5-trimethylhexyl)-di<)-methyl-dlO-(3.5,5-trimethylhexyl)5orbito^ 



IS 



OCHa' 



20 



CH— \ 



OCH, 



CH- 



^— CHa O^ys^^^ 



(Except for both ends, the repeating units may be arranged at random or in block form.) 
25 4) 2.3.4.5,6-penta-0-methyl-VO-(3.5.5-trimethylhexyl)sorbitol 



OCH3 OCH3 



30 




OCH3 OCH3 



OCH, 



36 



5) 2.3.4.5-tetra-0-methyl-1 .6-di-0-(1 .3-dimethyIbutyl)sorbitol 



40 



OCH, OCH, 




45 



6) 2.4,5-tri-0-methyl-1 .3.6-tri-0-(1 .3-dimethylbutyi)sorbitol 



50 



56 



OCH3 OCH3 
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7) 1 .6-dl-0-(1 .3-dimethylbutyl)-di-0-methyl-0-(1 .3-dimethylbutylidene)sorbitol 



5 



10 




(Except for both ends, the repeating units may be arranged at random or in block form.) 
IS 8) 1 ,6-di-0-{1 ,3-dimethylbutyl)-0-methyl-0-(1 .3-dimethylbutyl)-0-(1 .3-dimethylbutylidene)sorbitol 




35 



10) 2,4.5-tri-0-methyl-1.3,6-tri-0-{1-methylpropyl)sorbrtol 

40 



45 




50 



55 
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11)1 .6-di-0-(1 -methylpropyl)-di-0-methyl-0-(l-methylpropylidene)sorbitol 

0 C H3^ 

-0 cut-tcn — y 

O C H, 

m + n = 2 > 



10 




IS 



(Except for both ends, the repeating units may be arranged at random or in block form.) 
1 2) 1 .6-dl-0-(1 -methylpropyl)-dl-0-methyl-di-0-(1 -melhylpropyl)sorbitol 



20 



OCHi 



CH- 



OCHa 



^CH 
I 

0 



\ 



•CH2 O 



(Except for both ends, the repeating units may be arranged at random or in block form.) 
ss 1 3) 1 .6-di-0-(1 -methylpropyl)-di-0-ethyl-di-0-(1 -methylpropyl)sorbitol 



30 



OCH2 



•CH — \ 



0 



T^CH — V 



0 




CHi O 



35 



(Except for both ends, the repeating units may be arranged at random or in block form.) 
14) 2,4,5-trl-0-ethyl-1,3.6-trl-0-(1,3-dimethylbutyl)sorbitol 



40 



46 




50 
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15) 2.3.4.5-tetra-0-methyl-1 .6-<li-0-(cyclohexyl)sorbitol 



\ / OCH3 



OCH, OCH, 




10 



16) 2.4,5-tri-0-methyl-1 .3,6-tri-0-{cyclohexyl)sorbltol 



IS 



20 



OCH, OCH, 




25 1 7) 1 .6-di-0-{cyclohexyl)-di-0-methyl-di-0-(cyclohexyl)sorbitol 



30 




OCH2— fCH — \ 
I 

OCH, 
\ / 



■CH — Y 



Hi 0 



35 



(Except for both ends, the repeating units may be arranged at random or in block form.) 
18) 2,3.4,5-tetra-0-isopropyl-1 .6-di-0-(cyclohexyl)sorbltol 



40 



45 




50 



19) 0-(3,5.5-trlmethyIhexyl)-di-0-(1,3-dimethylbutyl)-tri-0-(ethyl)sorbitol 



OR^ OR' OR' OR^ 
I I 11 
R» OCH2 CH-CH-CH-CH-CH2 OR' 



65 
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Ri - B^: 3,5.5-trimethythexyl (1 mole). 

1,3-dimethylbutyl (2 moles), ethyl (3 moles) 

26)'5-(3.5,5-trimethylhexyl)<ji-0-(2-methylpropyl)-trl-0-(butyl)sorbrtol 



OR^ OR' OR^ OR* 
I I I 1 
R* OCH2 CH-CH~CH-CH-CH2 OR* 



IS R1 - R6: 3,5.5-trime1hylhexyl (1 mole), 

2-methylpropyl (2 moles), butyl (3 moles) 

21) di-0-{2-ethylhexyl)-0-(1-methylpropyI)-tri-0-(methyl)sorbitoI 



OR' OR' OR^ OR' 
1 I I I 
R' OCH2 CH-CH-CH-CH-CH2 OR' 



R1 - R6: 2-ethylhexyl (2 moles). 

30 1-methylpropyl (1 mole), methyl (3 moles) 

22) di-0-(1 -isopropyl-2-methylpropyl)-0-(1 -methylpropyl)-trl-0-(ethyl)sorbito! 

36 OR'OR'OR'OR^ 

R^ OCH2 CH-CH-CH-CH-CH2 OR* 



40 



45 



SO 
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R1 - R6: 1-isopropyl-2-methylpropyl (2 moles), 

1-methylpropyl (1 mole), ethyl (3 moles) 

23) tri-0-(1,3-dimethylbutyl)-0-(cyclohexyl)-di-0-(methyl)sorbitol 

OR' OR' OR' OR' 
R' OCH2 CH-CH-CH-CH-CH2 OR* 



R1 - R6: 1.3-dimethylbutyl (3 moles), 

cyclohexyl (1 mole), methyl (2 moles) 
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24) di-0-(1.3-dimethylbutyl)-di-0-(1-methylpropyl)di-0-(2-methylpropyl) 



OR* OR' OR* OR' 

I 1 I: I 

R' OCH, CH-CH-CH-CH-CHj OR* 



10 



IS 



m - R6: 1,3-dimethyIbutyl (2 moles), 

1- methylpropyl (2 moles), 

2- methylpropyl (2 moles) 

25) 2,4.5-trl-0-ethyI-1 .3,6-tri-0-(1-methylpropyl)sorbitol 



20 



25 




30 



26) 2.3.4.5.6-penta-O-methyl- 1 -0-(1 .3-dimethylbutyl)sorbitol 



35 



pCH, OCHi 




OCHa 



CH, OCHa 



40 



27) 1 ,6-di-0-(1 ,3<limethylbutyl)-di-0-methyl-cli-0-{1 ,3-dimethylbutyl)sorbltol 



45 



so 



> 



y — 0CH2— T-cH- 



OCH, 



•CH2 O — <^ 



< 



(Except for both ends, the repealing units may be arranged at random or In block form.) 

The above polyol ether derivatives represented by formula (XI) can be produced by various methods, For example, 
it can be produced by the reaction of a hexitol alcoholate, a reactive derivative of hexitol, with an alkyi halide. However, 
55 halogen, such as chlorine, bromine or iodine, undesirably remains in the product obtained by this method, which impairs 
thermal stability of the product. 

Therefore, the method described above In "(2) Novel method for producing polyol ether derivatives" Is recommended 
as an economical and simple method because It does not use compounds having halogen, such as chlorine, bromine, 
or iodine. 



25 



<EP 0696564A1_L> 



EP 0 696 564 A1 



10 



SpecHically. the polyol ether derivatives represented by formula (XI) is synthesized by the steps of reacting a hex- 
ahydric alcohol represented by formula (V) with one or more carbonyi compounds (ketone or aldehyde) represented by 
formula (XII) for ketalization or acetalization, or with reactive derivatives of the carbonyi compounds (ketal or acetal) for 
transketalization or transacetalization to obtain cyclic ketals or cyclic acetals; hydrogenating the cyclic ketals or the cyclic 
acetals to obtain polyol ethers; and alkylating the polyol ethers to give polyol ether derivatives. 

In formula (XII). R7 represents a hydrogen atom, a linear alkyi group having 1-13 carbon atoms, a branched alkyi 
group having 3-13 carbon atoms or a cyclic alkyi group having 3-13 carbon atoms, and Rs represents a linear alkyi group 
having 1-13 carbon atoms, a branched alkyi group having 3-13 carbon atoms or a cyclic alkyi group having 3-13 carbon 
atoms with the proviso that R7 arxl/or R8 have at least one hydrogen atom at a-position to the carbonyi group and the 
total number of carbon atoms of R7 and R8 is 1-13; and R? and R8 may together join to form a ring with an alkylene 
group having 2-13 carbon atoms. 

The following Is an example scheme of the above reaction. 



75 



20 



OHOHOHOH 
I I I I 
HOCH2 CHCHCHCHCH2 OH + 



(V) 



R 
R 



0 = 0 
(XID 



25 



or R 
R 



OR* 
OR' 



-Hj O (or -R' OH) 



(3 -XID 



30 



35 



40 



R 




(3 -XVII) 



Pd catalyst 



45 



so 



Polyol ether 



Base 



Alkylating agent 
(3 -XVIII) 



> ( 3 -XI) 



55 



This reaction mainly produces, as a polyol ether (3-XVlll), two-molar adducts (3-XVIIIa), three-molar adducts (3- 
XVIIIb). and four-molar adducts (3-XVIIIc). with small quantities of one-molar adducts (3-XVIIId) and five-molar adducts 
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(3-XVIIIe). 



OHOHOHOH 
I I i I 
R' -OCHa CHCHCHCHCHa -OR* 



( 3-XYin* ) 



10 



R' 

I 

OHO OHOH 
I I i I 
R' -OCHi CHCHCHCHCHj -OR* 



( 3-xvni» ) 



IS 



20 



25 



R» R* 

I I 
OHO 0 OH 
I I I I 
R' -OCHa CHCHCHCHCH.a -OR* 

R' R» 
I I 
OHO OHO 
I I I I 
R' -OCHa CHCHCHCHCHa -0R« 



( 3-XVnic ) 



30 OHOHOHOH 

I I I I 
R' -OCHa CHCHCHCHCHa -OH 



( 3-XVIIId ) 



35 



AO 



4S 



R 



R 



1 — 



R' R* R' 
III 
OHO O 0 
I I I I 
OCHa CHCHCHCHCHa -OR* 



R^ R» R* 
I I I 

0 0 OHO 

1 I I I 

OCHa CHCHCHCHCHa -OR* 



( S-XVIIIe ) 



SO 



55 



In the above formulas, to R6 have the same meanings as those in formula (XI). However, in the above-mentioned 
reaction scheme, to R6 correspond to the residues of the carbonyl compound represented by formula (XII) or the 
residues of the reactive derivative thereof, and, therefore, can be represented by the following formula: 

alkyi group: -CHR7R8 



27 
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The polyol ethers (3-XVIll) can be separated to the compounds (3-XVIIIa) to (3-XVIIIe) by conventional methods for 
purification, such as distillation, chromatography, or liquid-liquid extraction. Each of the polyol ethers (S-XVIIIa) to (3- 
XVIil^) may be separately subjected to aikytation. or the mixture of the polyol ethers may be alkylated without separation. 

Examples bf usable hexahydric alcohols represented by formula (V) are hexitols obtained by reducing hexoses as 
£ mentioned above in "(2) A novel method for producing polyol ether derivatives," the hexitol including sorbitol, mannitol. 
gatactitol, iditol. talitol, and allitol. 

Usable carbonyl compounds represented by formula (XII) are carbonyl compounds having 2-14 carbon atoms includ- 
ing the carbonyl carbon atom, examples of which are set forth In "(2) A novel method for producing polyol ether deriva- 
tives.*" 

10 The method for producing the polyol ether derivatives as mentioned above in "(2) Novel method for producing polyol 
ether derivatives" can be employed. 

In the hydrogenation reaction, intermediate substances, such as polyol ether ketals and polyol ether acetals. are 
produced. Examples of such intermediate compounds are represented by the following formulas (3-XIXa) to (S-XIXq). 

75 



20 



25 



30 



35 



40 



45 



50 
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the compounds having one or more ether bonds as well as one or more ketal or acetal rings in a molecule. 




TO 



IS 



OH 
I 



OCH2 CH-CH-CH-CH-CH2 -OR 



R 



R 



I _ 



OH O" 

II 

OCHa CH-CH-CH-CH-CHa -OR 

I 

OH 



I 



(3-XIXa) 



20 



25 



30 



35 



R' R' R' 

OH 0 GT^O 
I I I I 
R' -OCHj CH-CH-CH-CH-CH2 -OR* 




OH 
I 

R> -OCH2 CH-CH-CH-CH-OR* 

O 
I 

R» 



(3-XIXb) 



40 



45 



R' 
I 

O 



R» 

I 

O 



R 



I _ 



OCH2 CH-CH-CH-CH-CH2 -OR* (3-XIXc) 

0 




50 



55 



When the polyol ethers (3-XVIII) are obtained as a mixture containing the polyol ether ketals or polyol ether acetals 
(3-XIXa to 3-XIXc), the polyol ethers containing no ketal or acetal rings (3XVIII) can be obtained by hydrolysis. Specif- 
ically, the mixture obtained is filtered, and volatile materials in the filtrate are evaporated. The residue is then subjected 
to hydrolysis in a mixed acidic solution consisting of an adequate amount of acid catalyst, such as 0.1 to 1 N hydrochloric 
acid and ethanoi. 

Also, the mixture of the polyol ethers (3-XVIII) containing those having ketal or acetal rings may be directly subjected 
to the subsequent alkylation. The polyol ether ketals or polyol ether acetals (3-XIXa to 3-XIXc) are alkylated to form the 
ether conrpounds as represented by formulas (XIIIaa) and (XIIIB3). 
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In formulas (XIIIaa) and (XIIIbb). to R6 may be identical or different, each representing a linear alkyi group having 
1 -14 carbon atoms, a branched alkyI group having 3-14 carbon atoms or a cyclic alkyI group having 3-14 carbon atoms; 
R7 represents an hydrogen atom, or a linear alkyI group having 1-13 carbon atoms, a branched alkyI group having 3-13 
carbon atoms 6r a cyclic alkyI group having 3-13 carbon atoms; R8 represents a linear alkyI group having 1-13 carbon 
5 atoms, a branched alkyl group having 3-13 carbon atoms or a cyclic alkyI group having 3-13 carbon atoms; R7 and R8 
may together join to form a ring with an alkylene group having 2-13 carbon atoms: the total number of carbon atoms is 
8-40 for ¥\\ R2, R3, R6, R7 and R8 in formula (XIIIaa). and for R1. R4, Rs, R6, r7 and R8 in formula (XIIIbb). and is 1-13 
for R7 and R8 for both formulas; and *'a" to *'e*' are symbols for structure unit, and "a"-"c" or "d"-"e" may be arranged in 
any sequential order. 

10 The above ether compounds, when used as a base oil for a working fluid composition for a refrigerating machine, 
give the same effect as the polyol ether derivatives represented by formula (XI), and, therefore, these compounds can 
be used similarly in a working fluid composition for a refrigerating machine. In such a case, the polyol ether derivatives 
represented by formula (X I II^a) or (XIIIbb) "lay be used alone or as a mixture with the polyol ether derivatives represented 
by formula (XI). When the polyol ether derivatives represented by formula (XIIIaa) or (XIIIbb) are used alone, polyol ether 

75 acetals or polypi ether ketals separated from a mixture of polyol ethers may be alkylated, or the polyol ether derivatives 
represented by formula (XIII^a) or (XIIIbb) niay be separated from the polyol ether derivatives obtained after aikylation. 
The methods for separation and alkylatiori are the same as those for the polyol ether derivatives represented by formula 
(XI). 

The alkyl, alcohol residue, and other groups of the polyol ether derivatives represented by formulas (XIIIaa) and 

20 (XIIIbb) are the same as those represented by formula (Xl). 

The thus-obtained polyol ether derivatives represented by formulas (XI) and (XIII^a) or (XIIIbb) friay be used after 
purification to remove by-products or unchanged compounds, or may be used without purification as long as the presence 
of a small amount of by-products and unchanged compounds does not impair the effects of the present Invention. For 
example, a portion of ketals or acetals (3-XVII) may remain unhydrogenated, and un-capped hydroxyls may also remain. 

25 The polyol ether derivatives represented by formulas (XI) and (XIIIaa) or (XIIIbb) and used In the working fluid com- 
position for a refrigerating machine described above in "(3) A working fluid composition for a refrigerating machine 
comprising a refrigeration oil containing as a base oil polyol ether derivatives and a hydrofluorocarbon" are hereinafter 
simply referred to as the ether compounds in the present Invention) are not particularly restricted in molecular weight. 
However, when they are used as a refrigeration oil. the average molecular weight is preferably in the range of from 200 

30 to 800, more preferably 300 to 700 in view of better sealing for the compressor, compatibility with hydrofluorocarbon, 
and lubricity. 

The viscosity of the ether compounds in the present invention at 1 00 is preferably 0.5 to 30 mm^/s, more preferably 
1 to 15 mm2/s. When the viscosity of the ether compounds in the present Invention at 100°C exceeds 30 mm^/s, the 
compatibility with hydrofluorocarbons becomes poor. The viscosity at 40*C of the ether compounds in the present inven- 

35 tion is preferably 1 to 300 mm2/s. more preferably 5 to 100 mm^/s. Among the ether compounds in the present invention 
having a viscosity in the above ranges, preferable are those of which phase separation temperature at low temperature 
is low. Specifically suitable examples are those having a critical solution temperature of not higher than 10*C, more 
preferably not higher than 0*^0, further preferably not higher than -lO^'C. 

When used as a refrigeration oil for room air conditioners and refrigerators, the ether compounds in the present 

40 Invention are required to have good insulating properties. Specifically the volume resistivity of the ether compounds in 
the present invention is normally not less than lO^^'O-cm, preferably not less than ^O^^Cl'c^^, more preferably not less 
than 1 01 3n-cm. In order to prevent the solidification of the refrigeration oil at low temperatures, the pour point of the ether 
compounds in the present Invention is preferably not higher than -lO^'C, more preferably not higher than -20*C. 

The refrigeration oil containing the ether compounds in the present invention as a base oil may be a mixture of the 

45 ether. compounds in the present Invention with other synthetic oils, such as mineral oils, poly a-oleflns, alkyl benzenes, 
other ethers and polyethers, PAG, PAG-OH. ketones, esters, perf luoropolyethers. and phosphates. The above-mentioned 
ether compounds may be used singly or as a mixture of two or more kinds for refrigeration oil containing as a base oil 
the ether compounds in the present invention. 

The ether compounds In the present invention may be used with or without various additives. 

50 For example, room air conditioners are commonly filled with a refrigerant upon installation, and, therefore, there is 
a high risk of water contamination. Although the ether compounds In the present invention are chemically stable in the 
presence of water, the insulating materials, such as PET film, may be hydrolyzed in the presence of water to yield PET 
oligomers, which may result in plugged capillaries of refrigerating machines. Therefore, it Is preferred to use additives 
for removing water, such as epoxy compounds having an epoxy group, orthoesters. acetals (ketals), and carbodilmides. 

55 The refrigeration oil comprising the ether compounds in the present invention which further comprises one or more 
compounds selected from the group consisting of (a) compounds having an epoxyl group, (b) orthoesters, (c) acetals 
(ketals), and (d) carbodlimides allows to provide a further improved refrigeration oil, and Is an extremely preferable 
embodiment of the refrigeration oil using as a base oil the ether compounds in the present invention. Accordingly, a 
working fluid composition for a refrigerating machine comprising such an improved refrigeration oil and a hydrof luoro- 



30 

BNSDOCID: <EP 0696564A1 J_> 



EP0 696 564 A1 



carbon is an extremely preferable embodiment of the working fluid composition for a refrigerating machine of the present 
invention. 

(a) Compounds having epoxy groups are those having 4-60 carbon atoms, preferably those having 5-25 carbon 
5 atoms. Suitable examples include glycidyl ethers, such as phenylgfycidyl ether, butylglycidyl ether, 2-ethylhexylgly- 

• -cidyl ether, cresylglycidyl ether, neopentylglycoldiglycidyl ether. 1 ,6-hexanediol diglycidyi ether, glycerol triglycidyl 
ether, trimethylofpropane triglycidyl ether, and pentaerythritol tetraglycidyl ether; glycidyl esters, such as diglycidyi 
phthalate. diglycidyi cyclohexanedicarboxylate. diglycidyi adipate. and glycidyl 2-ethylhexanoate; epoxidated 
monoe^ters of fatty acids, such as methyl epoxystearate, and butyl epoxystearate; epoxidated vegetable oils, such 
10 [as epoxidated soybean oil and epoxidated linseed oil; and alicyclic epoxy compounds, such as epoxycyclooctane, 
epoxycycloheptane and compounds having an epoxycyclohexyl group and compounds having an epoxycyclopentyl 
group exemplified below. 

The compounds having an epoxycyclohexyl or an epoxycyclopentyl are those having 5 to 40 carbon atoms, 
preferably 5-25 carbon atoms. Specifically, those set forth in column 11, lines 34 to 46 of Japanese Patent Laid* 

15 open No. 5-209171 are suitably used. Though they are not particularly limited, a preference is given to 1 ,2-epoxy- 
cyclohexane. 1 ,2-epoxycyclopentane, bis(3,4-epoxycyclohexylmethyl)adipate, bls(3,4-epoxy-6-methylcyclohexyl- 
methyl)adlpate, 3,4-epoxycyclohexylmethyl-3.4-epoxycyclohexanecarboxylate, and 2-(7-oxabicycloI4. 1 .0]hept-3- 
yl)-spiro{1 ,3-dioxane-5.3'-[7]oxabicyclo[4.1 .OJheptane). 

In the present invention, the above epoxy compounds may be used singly or in combination of two or more 

20 kinds. The amount of the epoxy compound to be added Is usually 0.05 to 2.0 parts by weight, preferably 0.1 to 1 .5 
parts by weight, more preferably 0.1 to 1 .0 parts by weight, based on 100 parts by weight of the ether compounds 
in the present invention used. 

(b) The orthoesters used in the present invention are those having 4-70 carbon atoms, preferably those having 4- 
50 carbon atoms. Specifically, orthoesters set forth in column 10, lines 7-41 of Japanese Patent Laid-Open No. 6- 

25 17073 are suitably used. The amount of orthoesters to be added is normally 0.01 to 100 parts by weight, preferably 
0.05 to 30 parts by weight, based upon 100 parts by weight of the ether compounds in the present invention used. 

(c) The acetals or ketals added in the present invention are those having 4-70 carbon atoms, preferably those having 
4-50 carbon atoms. Specifically, those set forth In column 10, line 47 to column 1 1 , line 21 of Japanese Patent Laid- 
Open No. 6-17073 are suitably used. The amount of acetals or ketals to be added Is normally 0.01 to 100 parts by 

30 weight, preferably 0 .05 to 30 parts by weight, based upon 1 00 parts by weight of the ether compounds in the present 
invention used. 

(d) Carbodiimides used in the preserrt invention Is represented by the following formula: 

R,o-N = C = N-Rii 

35 . . 

wherein Rio and Ri i represent a hydrocarbon group having 1 -20 carbon atoms, preferably 1-12 carbon atoms; and 
Rio and Rn may be identical or different. 

Examples of Rio and Rn include alkyl groups, such as methyl, ethyl, propyl, isopropyl. cyclopropyl, butyl, 1-meth- 
40 yipropyl, 2-methylpropyl. t-butyl, pentyl. 1 -methylbutyl, 2-methylbutyl, 3-methylbutyl, 1 -ethylpropyl, 1,1-dimethylpropyl, 
1,2-dlmethylpropyl, 2, 2 -dim ethylpropyl, cyclopentyl, hexyl. 1 -methylpentyl, 2-methylpentyl, 3-methylpentyl, 4-methyl- 
pentyl. 1 -ethylbutyl. 2-ethylbutyl, I.Vdimethylbutyl. 1,2-dimethyibutyl, 1.3-dimethyIbutyl, 2.2-dimethylbutyl. 2,3-dimeth- 
ylbutyl. 3,3-dimethylbutyl, 1 -ethyl-2-methylpropyI, 1 -ethyl- 1-methylpropyl. 1,1,2-trimethylpropyl, 1,2.2-trimethylpropyl, 
cyclohexyl. cyclopentylmethyl, methylcyclopentyl, heptyl, 1-methylhexyl, 2-methylhexyl, 3-methylhexyl. 4-methylhexyl, 
45 5-methylhexyl, 1 -ethylpentyl, 2-ethylpentyl. 2,4-dimethylpentyl, 3. 4 -di methylpentyl, 1,1-di methylpentyl, 1,4-climethyl- 
pentyl. 1 -propylbutyl. 1-isopropylbutyl, 1,3,3-trimethylbutyl. 1 , 1 -diethylpropyl, 2, 2 -dimethy 1-1 -ethylpropyl, 1.2-dimethyl-1- 
ethylpropyl. 1-isopropyl-2-methylpropyl, cycloheptyl, cyclohexylmethyl, methylcyclohexyl. octyl, 1-methylheptyl, 2-meth- 
ylheptyl, 1-ethylhexyl, 2-ethylhexyl, 1.1,3,3-letramethylbutyl, 1,1-diisopropylethyl. 1-ethyl-1,2,2-trimethylpropyl. 1.6- 
dimethylhexyl, 3,5-dlmethylhexyl. 2-propylpentyl, 2,4,4-trlmethylpentyl, 1-ethyl-2-methylpentyl, 2,2-dlmethylhexyl, 1,1- 
50 dimethylhexyl, cycloheptyl methyl, dimethylcyclohexyl, 4-methylcyclohexylmethyl, cycloheptyl methyl, cyclooctyl, 1- 
cyclohexylethyl, 2-cyclohexylethyl, ethylcyclohexyl, nonyl, 1 -methyloctyl, 5-methyloctyl, 1 -(2'-methylpropyi)-3-methyl- 
butyl, 3,5,5-trimethylhexyl, 1.1-diethyl-2,2-dimethylpropyl. 3-cyclohexyipropyl, 1,1-dimethylheptyl, decyl, 1-methylnonyl. 

1- propylheptyl. 3,7-dimethyloctyl, 2,4,6-trimethylheptyl, 4-cyclohexylbutyl, butylcyclohexyl, 3.3,5,5-tetramethylcy- 
clohexyl, undecyl, 1 -methyldecyl, 2-methyldecyl, 2-ethylnony!. dodecyl, 1 -methyiundecyl, 2-methy)undecyl, 2-ethyldecyi. 

65 1 -(2'-methylpropyl)-3,5-dimethylhexyl, tridecyl, 2,4,6,8-tetramethylnonyl, 2-methyldodecyl, 2-ethylundecyl, 1 -(3'-methyl- 
butyl)-6-methytheptyl, 1-(r-methylbutyl)-4-methylheptyl, tetradecyl, 1-methyltridecyl, 2-methyltridecyl. 2-ethyldodecyl, 

2- (3'-methylbuty!)-7-methyloctyl. 2-(r-methylbutyI)-5-methyloctyl. pentadecyl. 1-hexylnonyt. 2-methyltetradecyl, 2-ethyl- 
tridecyl, hexadecyl. 1-methylpentadecyL 2-hexyldecyl. heptadecyl, 1 -heptyldecyl. 1-(V.3',3*-trimethylbutyl)-4,6,6-tri- 
methylheptyl, 1 •(3*-methylhexyl)-6-methylnonyl, octadecyl. 2-heptylundecyl. 2-(1 ',3',3*-trimethylbutyl)-5 .7.7- 
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trimethyloctyl. 2-(3'-methythexyl)-7-methyldecyi. and 2-octyldodecyl: aryl and alkyi aryl groups, such as phenyl, 2-, 3-. 
or 4-methylphenyl, 2-, 3-» or 4-ethylphenyl. 2,3-. 2,4-. 2,5-, 2,6-. 3,4-. or 3.5-dimethylphenyl. 2-, 3-, or 4-isopropylphenyl, 
2-. 3-, or 4-propylphenyl, 2,3.5-, 2,3,6-. 2.4,6-, or 3.4,5-trimethylphenyl, 2-, 3-, or 4-tert-butylphenyl. 2-, 3-, or 4-sec- 
butylphenyl, 4- or 5-lsopropyl-3-methylphenyl, 4-tert-amylphenyl. 3-, 4-, or 5-methyl-2-tert-butylphenyI. pentamethylphe- 
nyl. naphthyl, 2-methylnaphthyl, 2,6-diisopropylphenyl, 4-tert-octylphenyl, 2,4-. 2,6-. or 3,5-di-tert-butylphenyl. di-sec- 
butylphenyl, 2.6,-di-tert-butyl-4-methylphenyl, and 2,4,6-tri-tert-butylphenyl; and aralkyi groups, such as benzyl, 2-, 3-, 
or 4-methylben2yl, phenetyl. sec-phenetyl. 2.4-, 2,5-. 3,4- or 3.5-djmethylbenzyl. 4-ethylben2yl, 2-, 3-, or 4-methyl- 
phenetyl, a- or p-methylphenetyl, a,a-dimethylben2yl, 1- or 3-phenylpropyl. a- or p-ethylphenetyl, 4-isopropylbenzyl, a- 
isopropylbenzyl, a.a-dimethylphenetyl, 1-, 3-, or 4-phenylbutyl, a-ethyl-a-methylbenzyl, 4-butylbenzyl, 4-tert-butylben> 
zyl, 1.i-dimethyl-3-phenylpropyl, 1- or 3-phenyl-2.2-dimethylpropyl. a-propylphenetyl, 5-phenylpentyi, naphthylmethyl, 
naphthylethyl, and 6-phenylhexyL 

Examples of the carbodiimides include 1,3-diisopropylcarbodiimide, 1 .3-di-tert-butylcarbodiimide, 1 ,3-dicyclohexy- 
lcarbodlimide, 1 .3-di-p-tolylcarbodiimide, and 1 ,3-(2,6-diisopropylphenyl)carbodiimide, with a preference given to 1,3- 
dicyclohexylcarbodiimide, 1 ,3-di-p-tolylcarbodiimide, and 1 ,3-bis-(2.6-diisopropylphenyl)carbodiimide. 

The amount of the carbodiimide added in the present invention is normally 0.01 to 10 parts by weight, preferably 
0.05 to 5 parts by weight, based upon 100 parts by weight of the ether compounds in the present invention. 

In addition to the above additive to remove water, the following additives may be added: lubricity additives, such as 
triaryl phosphate and/or triaryl phosphite; radical trapping additives, such as phenol compounds or metal deactivators 
having chelating capacity for improving thermal stability: and metal surface protective agents, such as benzotrlazol and/or 
benzotriazol derivatives. 

Triaryl phosphates and triaryl phosphites used in the present Invention are those having 18-70 carbon atoms, pref- 
erably 1 8-50 carbon atoms. Examples of the triaryl phosphates and triaryl phosphites used in the present invention are 
set forth in Japanese Patent Laid-Open No. 5-209171, column 12, lines 26 to 41. Among the examples, the following 
compounds are particularly preferable: triphenyl phosphate, tricresyl phosphate, trixylenyl phosphate, tris(2,4-di-tert- 
butylphenyl) phosphate, triphenyl phophite. tricresyl phosphite, trixylenyl phosphite, and tris(2.4-di-tert-butylphenyl) 
phosphite. 

The amount of triaryl phosphates and triaryl phosphites added in the present invention is normally 0.1 to 5.0 parts 
by weight, preferably 0.5 to 2.0 parts by weight, based upon 1 00 parts by weight of the ether compounds in the present 
invention. 

Phenol compounds having a radical trapping capacity are those having 6-1 00 carbon atoms, preferably 1 0-80 carbon 
atoms. Examples of the phenol compounds are set forth in Japanese Patent Laid-Open No. 5-209171, column 12, line 
32 to column 13, line 18. Of the examples, the following compounds are particularly preferable: 2.6-di-tert-butylphenol, 
2,6-di-tert-butyl-4-methylphenol,4,4'-methylenebis(2.6Hdi-tert-butylphenol),4,4'-butylidenebis(3-methyl-6-tert-but^ 
nol), 2,2*-methylenebis(4-ethyl-6-tert-butylphenol), 2,2'-methylenebis(4-methyl-6-tert-butylphenol), 4.4Msopropyli- 
denebisphenol, 2,4-dimethyl-6-tert-butylphenol. tetrakis[methylene-3-(3.5-di-tert-butyl-4-hydroxyphenyl)propionate]- 
methane, 1.1 ,3-tris(2-methyl-4-hydroxy-5-tert-butylphenyl)butane. 1 ,3.5-trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxy- 
benzyObenzene, 2.6-di-tert-butyl-4-ethylphenol, 2,6-bis(2'-hydroxy-3Mert-butyl-5'-methylben2yl)-4-methylphenol. bis[2- 
(2-hydroxy-5-methyl-3-tert-butylbenzyl)-4-methyl-6-tert-butylphenyl]terephthalate, triethyleneglycol-bis[3-(3,5-di-tert- 
butyl-5-methyl-4-hydroxyphenyl)propionatel, and 1.6-hexanediol'bis[3-(3,5-di-tert-butyl-4-hydroxyphenyI)propionate]. 

The amount of the phenol compounds added in the present invention is normally 0.05 to 2.0 parts by weight, pref- 
erably 0.05 to 0.5 parts by weight, based upon 100 parts by weight of the ether compounds in the present Invention. 

The metal deactivators used in the present invention is preferably those with a chelating capacity, and having 5-50 
carbon atoms, preferably 5-20 carbon atoms. Examples of the metal deactivators are set forth in Japanese Patent Laid 
Open No. 5-2091 71 , column 13, line 38 to column 14, line 8. Of the examples, the following compounds are particularly 
preferable: N,N'-disalicylidene-1.2-diaminoethane. N.N'-disalicylidene-1.2-diaminopropane. acetylacetone. acetoace- 
tate. alizarine, and quinizarin. 

The amount of the metal deactivators added in the present invention is normally 0.001 to 2.0 parts by weight, pref- 
erably 0.003 to 0.5 parts by weight, based upon 100 parts by weight of the ether compounds in the present invention. 

The benzotriazol and benzotrlazol derivatives used In the present invention is preferably those having 6-50 carbon 
atoms, more preferably 6-30 carbon atoms. Examples of the benzotrlazol and benzotriazol derivatives are set forth in 
Japanese Patent Laid Open No. 5-209371. column 13, lines 9 to 29. Of the examples, benzotriazol and 5-methyl-1H- 
benzotriazol are particularly preferable. 

The amount of benzotriazol and/or benzotriazol derivatives added in the present invention is normally 0.001 to 0.1 
parts by weight, preferably 0.003 to 0.03 parts by weight, based upon 100 parts by weight of the ether compounds in 
the present invention. 

Other additives conventionally used for lubricating oil, such as antioxidants, extreme pressure additives, oiltness 
improvers, and defoaming agents, may be added according to necessity. For examples, antioxidants usable in the present 
invention are amine-based antioxidants, such as p.p-dioctylphenylamine. monooctyldiphenylamine, phenothiazine. 3,7- 
dioctylphenothiazine, phenyl -1-naphthylamine, phenyl-2-naphthylamine. alkylphenyl-1-naphthylamine. and alkylphenyl- 
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2-naphthylamine; sulfur-based antioxidants, such as alkyi disulfides, thiodipropionic acid esters, and benzothiazoles; 
and zinc compounds, such as zinc dialkyi dithiophosphate and zinc diaryl dithiophosphate. The amounts of the above 
additives are 0.05 to 2.0 parts by weight, based on 1 00 parts by weight of the ether compounds in the present invention. 
Examples of the extreme-pressure additives and oiliness agents usable in the present invention are zinc compounds, 
5 such as zinc dialkyi dithiophosphate and zinc diaryl dithiophosphate; sulfur compounds, such as thiodipropionic acid 
esters, dialkyi sulfide, dibenzyl sulfide, dialkyi polysulf ide. alky! mercaptan. dibenzothiophene. and 2,2*-dithiobis(benzo- 
thiazole): phosphorus compounds, such as trialkyi phosphite, and trialkyi phosphate; chlorine compounds, such as 
chlorinated paraffin; molybdenum compounds, such as molybdenum dithiocarbamate. molybdenum dithiophosphate. 
and molybdenum disulfide; fluorine compounds, such as perfluoroalky! polyethers, trif luorochloro ethylene polymers. 
10 graphitef luoride; silica compounds, such as fatty acid-modified silicone: and graphite. The amount added in the present 
invention is 0.05 to 1 0 parts by weight, based upon 1 00 parts by weight of the ether compound of the present invention. 

Examples of defoaming agents usable in the present invention are silicone oils, such as dimethylpolysiloxane; and 
organosilicates. such as diethyl silicate. The amount added in the present invention is 0.0005 to 1 parts by weight, based 
on 100 parts by weight of the ether compound of the present invention. 
IS Additives stabilizing freon refrigerants, such as organic tin compounds and boron compounds, may be added in the 
present invention. The amount added in the present invention is 0.001 to 10 parts by weight, based on 100 parts by 
weight of the ether compounds in the present invention. 

The mixing ratio of a hydrof luorocarbon with a refrigeration oil containing the ether compounds in the present inven- 
tion as a base oil or with a refrigeration oil containing the above base oil to which additives are further added (hydrofluor- 
ic ocarbon/oil) is normally 50/1 to 1/20 (weight ratio), preferably 10/1 to 1/5 (weight ratio). When the mixing ratio exceeds 
50/1 . the viscosity of the mixed solution of hydrofluorocarbon and oil becomes low. thereby making it likely to have 
undesirably poor lubricity When the mixing ratio is lower than 1/20. the refrigeration ability is likely to become undesirably 
poor. 

The hydrof luorocarbons used in the present invention include difluoromethane (HFC32), 1,1-difluoroethane 
25 (HFCl52a). 1.1.1-trrfluoroethane{HFCl43a). 1,1.1.2-tetrafluoroethane(HFC134a), 1,1.2,2-tetrafluoroethane(HFC134) 
and pentafluoroethane (HFC125), with a particular preference given to 1.1.1.2-tetrafluoroethane. pentafluoroethane. 
and difluoromethane. 

EXAMPLES 

30 

The present invention will be further described by means of Examples, without intending to restrict the scope of the 
present invention thereto. 

Examjale 1-1 

35 

Synthesis of 1.6-di-0-(3.5.5-trimethvlhexvnsorbitol rConriDOund Mb^l 

1) 1.2:3.4:5.6-tri-0-(3,5.5-trimethylhexylidene)sorbitol: Compound (1a) 

40 In a 3-liter reaction vessel equipped with a thermometer, a reflux condenser, a Dean and Stark trap, a calcium 

chloride tube, and a stirrer. 170.76 g (0.937 mol) of D-sorbitol, 400 g (2.812 mol) of 3,5,5-trimethylhexanal, .1.78 g 
(0.00936 mol) of p-toluene sulfonic acid 1 hydrate, and 400 ml of hexane were placed and heated with stirring, A reaction 
was carried out at a temperature of from 79 to 81 ^'C for 8 hours while distilling off a theoretical amount of water. After 
being cooled to 70*C. the reaction mixture was neutralized by adding 1.99 g (0.0188 mo!) of sodium carbonate, and 

45 stirred at 70*^C for 30 minutes. After 100 g of water was added to the mixture and stirred at 60^0 for 30 minutes, the 
mixture was allowed to stand to separate into two layers. After the lower layer was discarded, the remaining mixture was 
washed with 100 g of saturated brine, and evaporated to give 529.51 g of crude Compound (la). 

The obtained product was subjected to a reduced-pressure distillation and a forerun was discarded. 500.87g of the 
residue was dissolved in 500 ml of hexane. The hexane solution was subjected to an adsorption treatment by passing 

50 through 25.04 g (5% by weight to the residue) of activated clay on a filter (PTFE, 0.2 \xm) under pressure. After washing 
the clay cake with hexane. the hexane In the solution was completely distilled away to give 501 .14 g of Conpound (la) 
(yield: 96.4%). 

The product has a purity of 96.3% as determined by gas chromatography, and a hydroxyl value of 27.2 (theoretical 
value of 0). 

55 

2) 1,6-di-0-(3,5,5-trimethylhexyl)sorbitol: Compound (lb) 

In a 1 -liter autoclave, 487.1 g (0.878 mol) of the obtained Compound (la), and 9.74 g (2% by weight) of 5% Pd/C 
catalyst were placed, the 5%Pd/C catalyst being prepared by drying a commercially available product with 50% moisture 
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content (5% Pd carbon powder with 50% moisture content, E-type. pH 6.0. manufactured by N. E. Chemcat Corp.) at 
room temperature for one day under reduced pressure using a vacuum pump. The temperature of the autoclave was 
raised with stirring the mixture under a hydrogen pressure of 20 kg/crn2. Then the mixture was kept for 8 hours under a 
hydrogen pressure of 200 kg/cm2 at ISO^'C. The hydroxyl value at the completion of the reaction was 243.3 [theoretical 

5 value: 300.9 (as an ether alcohol with an average alkyi substituerrt number of 3.0)]. The reaction mixture was dissolved 
in 300 ml of isopropanol, and the mixture was subjected to a pressure-filtration through a membrane filter (PTFE, 0.2^m). 
The filtrate was evaporated to give 475.85 g of a crude mixture of polyol ethers (yield of crude mixture: 96.6%). The 
composition of the mixture determined by gas chromatography was as follows: 19% of dialkyi product; 47% of trialkyi 
producJ: 18% of tetraalkyi product; 3% of monoalkyi product; and 2% of pentaalkyi product. 200 g of the crude mixture 

10 was weighed and subjected to a silica gel column chromatography for purification, in which 18.2 g of purified Compound 
( 1 b) was obtained by elution with hexane/ethanol [93/7 (vol/vol)] after elution of Compound (3) with hexane/ethanol [97/3 
(vol/vol)] and elution of Compound (2) with hexane/ethanol [95/5 (vol/vol)]. The purity of Compound (lb) was determined 
to be 90.5% by gas chromatography, and the hydroxyl value of the compound was 471 (theoretical value: 51 7). 
IR(NEAT cm"i): 

IS 3465 (0-H stretching), 2954 (C-H stretching). 1473, 1395. 1368 (C-H deformation), 1 122 (C-O stretching) 

iHNMR(CDCl3.6ppm): 

0.77 - 1.35 (28H, multiplet, -CH(CH3)CH2C(CH3)3) 
1.35- 1.75 (2H. multiplet. -CH2CH(CH3)CH2C(CH3)3) 
3.03 {4H, singlet -Oid) 
20 3.43 - 4.02 (12H, multiplet. -Ctl(OH)- -CthOCHi-) 

MASS.(FD):436 (M+1) 

Example 1-2 

25 Svnthesisof 1.3.6-tri'0-f3.5.5-trimethvlhexvl>sorbito! FConriDound ^2)1 

1 00 g of the crude mixture of polyol ethers obtained in Example 1 -1 was purified similarly to Example 1 -1 by silica 
gel column chromatography. That is. after Compound (3) was eluted with hexane/ethanol [97/3 (vol/vol)], Compound (2) 
was eluted using a hexane/ethanol [95/5 (voiA/ol)] developing solvent. As a result. 32.3 g of Compound (2) was obtained. 
30 The purity of Compound (2) was determined to be 93.3% by gas chromatography, and the hydroxyl value of the compound 
was 280 (theoretical value: isOl). 
IR(NEAX cm-1): 

3466 (O-H stretching), 2956 (C-H stretching). 1473, 1395. 1368 (C-H deformation), 1122 (C-O stretching) 
iHNMR(CDCl3.6ppm): 
35 0.77 - 1 .35 (42H. multiplet. -CH(C1H3)CH2C(CH3)3) 

1.35 - 1.80 (9H, multiplet. -CH2CH(CH3)CH2C(CH3)3) 

3.40 - 4.00 (14H, multiplet. -CH(OH)-, -CH2OCH2-) 
MASS (FD): 688 (M+1) 

40 Example V3 

Synthesis of 1.3.6.x-tetra-0-(3.5.5-trimethvlhexvl)sorbitol fComoound ^3)1 (x represents a figure of 2, 4 or 5; x in the 
Examples below has the same definition) 

45 100 g of the crude mixture of polyol ethers obtained in Example 1-1 was purified similarly to Example 1-1 by silica 
gel column chromatography using a hexane/ethanol [97/3 (vol/vol)] developing solvent to give 24.0 g of Compound (3). 
The purity of Compound (3) was determined to be 83.5% by gas chromatography, and the hydroxyl value of the conpound 
was 174 (theoretical value: 163). 
IR (NEAT cm-1): 

so 3465 (O-H stretching). 2954 (C-H stretching). 1473. 1394, 1367 (C-H deformation). 1 120 (C-O stretching) 

MASS (FD):351 (M+1) 
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Example 1-4 

Synthesis of a mixture of 1-0>(3.5.5-trimeth vlhexvnsorbitol. 1.6-dlO-(3.5.5-trimeth 1.3.6-tri-0-(3.5.5-tri- 
methYlhgxyl)$OrhitOl, 1 .3.e.x>tetra-0-(3.5.5>trimethvlhexvnfinrhlt o l. and 1 3 fi y y.penta-Q-fS S.5-trimethvlhPxvnsorbitnl 
^ (ether al cohois having an average atkvl substituent number of 3.1) f Compounds (4^1 (y represents a figure of 2. 4. or 5. 
the figure being different from x; y In the Examples below has the same definition) 

200 g of the crude mixture of pofyol ethers obtained in Example 1-1 was purified by heating under a reduced pressure 
( 1 92*'C at 0!6 mmhlg) to remove low-borling point components. As a result, 1 78 g of Compounds (4) was obtained (yield: 
10 89.2%). The composition of the obtained Compounds (4) as determined by gas chromatography was as follows: 3% of 
monoalkyi product; 21% of dialkyi product: 53% of trialkyi product; 20% of tetraalkyi product; and 2% of pentaalkyi 
product. The hydroxyl value of the mixture was 282 (ether alcohols with an average alkyi substituent number of 3 1) 
IR (NEAT, cm-i): * 
3466 (0-H stretching). 2955 (C-H stretching). 1473. 1395. 1367 (C-H deformation). 1118 (C-O stretching) 

Example 1-5 

Synthesis of a mixture of 1-mono-Q-(3.5.5-tr imethvlhexvl)sorbitoi. 1.6<ji-0-(3.5.5-trimethvlhexvnsorbitol. 1.3.6-tri-Q- 
(3.5.5-trimethylhexvl)sorbitol. 1 ■3.6.x-tetra-0 -(3.5.5-trimethvlhexvnsorbitol. and 1 .3.6.x.v-penta-Q-(3.5.5-trimethvl- 
hexvDsorbitol (ether alcohols having an average alkvl substituent number of 2.0) fCompounds (S)] 

In a 1 -liter autoclave. 480 g (0.865 mol) of 1.2:3.4:5.6-tri-0-(3.5.5-trimethylhexylidene)sorbltol (la). 78.8 g (0.433 
mol) of D-sorbitol. and 9.74 g (2% by weight) of 5% Pd/C catalyst were placed, the 5%Pd/C catalyst being prepared by 
drying a commercially available product with 50% moisture content (5% Pd carbon powder with 50% moisture content. 

25 E-type, pH 6.0. manufactured by N. E. Chemcat Corp.) at room temperature for one day under a reduced pressure using 
a vacuum pump. The temperature of the autoclave was raised with stirring the mixture under a hydrogen pressure of 20 
kg/cm2. Then the mixture was kept for 25 hours under a hydrogen pressure of 200 kg/cm2 at 1 90**C. The reaction mixture 
was dissolved in 300 ml of Isopropanol, and subjected to a pressure-filtration through a membrane filter (PTFE, 0.2^m). 
The filtrate was evaporated to give 532.0 g of a crude mixture of polyol ethers (yield of crude mixture: 95.1%).' 

30 The crude mixture of polyol ethers obtained was purified by heating under a reduced pressure (182-207*^C at 0.6 
mmHg) to remove low-boiling point components. As a result. 484 g of Compounds (5) was obtained (yield: 91 .0%). 

The composition of the obtained Compounds (5) as determined by gas chromatography was as follows: 34% of 
monoalkyi product; 47% of dialkyi product: 16% of trialkyi product; and 1% of tetraalkyi product The hydroxyl value of 
the mixture was 521 (ether alcohols with an average alkyI substituent number of 2.0). 

35 

Example 1-6 

Synthesis of 2.3.4.5-tetra-0-met hvl-1.6>di-0-f3.5.5-trimethvlhexvnsorbttoi fCompound (6)] 

40 In a 1 -liter reaction vessel equipped with a thermometer, a reflux condenser, a dropping funnel, and a stirrer, 7.3 g 
(0.18 mol) of sodium hydride (content:60%, oily) was placed. The sodium hydride was washed with 50 ml of hexane by 
decantation. Then, 320 ml of a mixed solvent of 1 ,2-dimethoxyethane/dimethylsulfoxide (3/1, vol/vol) was added to the 
vessel. Then. 17.0 g (0.039 mol) of Compound (lb) obtained in Example 1-1 was dissolved in 16 ml of the mixed solvent 
and added dropwise to the vessel with stirring over 10 minutes at room temperature. The reaction mixture was heated 

45 to SO'C, and stirred for 1 hours with maintaining the temperature. After the mixture was cooled to 40*C. 22.9 g (0.18 
mol) of dimethyl sulfate was added dropwise over 20 minutes with the temperature maintained below SCC. After the 
mixture was stirred for another 1 hour at SO'^C and cooled, 72.0 g (0. 1 8 mol) of 1 0% aqueous solution of sodium hydroxide 
was added. Then the mixture was stirred at 70 to 80*»C for 1 hour. After cooling. 100 ml of water was added to allow 
phase separation. The aqueous layer was extracted twice with 1 50 ml of diethyl ether, and the organic layer was combined 

50 with the ether extracts. The mixture was washed three times with 100 ml of saturated brine and dried over anhydrous 
sodium sulfate. Then, the solvent was distilled away with an evaporator to give 21 .2 g of oily substance. This substance 
was purified by silica gel column chromatography using a hexane/di ethyl ether [90/10 (vol/vol)] developing solvent and 
subjected to a reduced-pressure distillation (boiling point: 179*'C at 0.35 mmHg) to give 6.8 g of Compound (6). The 
purity of Compound (6) was determined to be 99.7% by gas chromatography 

55 IR (NEAT cm-1): 

2950 (C-H stretching). 1473. 1368 (C-H deformation). 1 1 16 (C-O stretching) 
iH NMR(CDCl3. 6ppm): 

0.80 - 1.33 (28H. multiplet. -CH(Ctb)CH2C(CH3)3) 
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1 .33 - 1 .80 (6H. multiplet. -CH2CH(CH3)CH2C(CH3)3) 
3.35 - 3.80 (24H. multiplet. -Ct!(OChb)-, -ChbOChb*) 

Example V7 

5 

Synthesis of 2.4.5>tn-0>methvl-1.3.6-trl>Q>r3.5.5-t rimethvlheyvnsQrbitol fCompound (7)] 

In a 1 -liter reaction vessel equipped with a thermometer, a reflux condenser, a dropping funnel, and a stirrer. 4.9 g 
(0.12 rnol) of sodium hydride (content:60%. oily) was placed. The sodium hydride was washed with 50 ml of hexane by 

10 decantation. Then. 320 ml of a mixed solvent of 1 .2-dimethoxyethane/dimethylsulfoxide (3/1. vol/vol) was added to the 
vessel. 15.3 g (0.027 mol) of Compound (2) obtained In Example 1-2 was dissolved in 12 ml of the mixed solvent and 
added dropwise to the vessel with stirring over 10 minutes at room temperature. The reaction mixture was heated to 
50*C and stirred for 30 minutes with maintaining the temperature. After, the mixture was cooled to 40*^C> 15.5 g (0.12 
mol) of dimethyl sulfate was added dropwise over 1 hour with the temperature maintained below 50'C. After the mixture 

75 was stirred for another 1 hour at 50*^0 and cooled, 48.0 g (0.1 2 mol) of 1 0% aqueous solution of sodium hydroxide was 
added. Then the mixture was stirred at 70 to 80*C for 1 hour. After cooling, the mixture was allowed to phase separate. 
The aqueous layer was extracted twice with 100 ml of diethyl ether, and then the organic layer was combined with the 
ether extracts. The mixture was washed three times with 50 ml of saturated brine and dried over anhydrous sodium 
sulfate. Then, the solvent was distilled away with an evaporator to give 16.9 g of oily substance. This substance was 
20 purified by silica gel column chromatography using a hexane/di ethyl ether [90/10 (vol/vol)] developing solvent to give 
12.6 g of Compound (7). The purity of Compound (7) was determined to be 98.4% by gas chromatography 
IR(NEAT. cm-1): 

2956 (C-H stretching). 1470. 1368 (C-H deformation). 1 194 (C-O stretching) 
iHNMR(CDCl3,6ppm): 
25 0.78 - 1 . 1 0 (42H, multiplet, -CH(Chb)CH2C(ClH3)3) 

1.16-1.78 (9H. multiplet -CH2CH(CH3)CH2C{CH3)3) 
3.23 - 3.85 (23H. multiplet -CH(OCH3)-. -CH2OCJH2-) 

Example 1-8-1 

30 

Synthesis of a mixture of 2.3.4.5.6-Denta-0-methvl-1>0-f3.5.5>trimethvlhexvnsorbitol. 2.3.4.5-tetra-O-methvl-l .6-di-0> 
(3.5.5-trimethvlhexvl)sorbitoL 2.4.5>tri-0-methvM .3.6-trl-0-f3.5.5-trimethvlhexvnsorbitol. di-0-methvM ,3.6.x-tetra-0- 
(S.g.g-trimethylhexvDsorbitol. and O-methvl-l .3.6.x.v-pen ta-0-(3.5.5>tr}methvlhexvnsorbitol (methvl-capoed ether alco- 
hpl s having an average alkvl substltuent number of 2.01 rCompounds 

35 

In a 3-liter reaction vessel equipped with a thermometer, a reflux condenser, a dropping funnel, and a stirrer, 1 17 g 
(3.06 mol) of sodium hydride (content:60%, oily) was placed. The sodium hydride was washed with 400 ml of hexane 
by decantation. Then, 1 .5 liters of toluene was added to the vessel. 

220 g of Compounds (5) obtained in the same way as in Example 1 -5 (ether alcohol with hydroxyl value of 521 and 

40 average alkyi substituent number of 2.0). i.e. , a mixture of mono-, di-. tri-. tetra-. and penta-0-(3.5.5-trimethylhexyl)sorb- 
itol. was dissolved in 300 ml of toluene, and added dropwise to the vessel over 30 minutes at 24 to 36*»C. The reaction 
mixture was heated to 90 to 97*'C and stirred for 30 minutes with maintaining the temperature. After the mixture was 
cooled to 40*»C, 386 g (3.06 mol) of dimethyl sulfate was added dropwise over 2.5 hours with the temperature maintained 
below 60**C. After the mixture was stirred for another 1 hour at 60*'C and cooled. 898 g (3.37 mol) of 15% aqueous 

45 solution of sodium hydroxide was added. Then the mixture was stirred at 80"C for 1 hour. After cooling, the mixture was 
allowed to phase separate. The water layer was extracted once with 300 ml of toluene, and the organic layer was com- 
bined with the toluene. The mixture was washed three times with 40 ml of saturated brine. Then, the mixture was dried 
over anhydrous sodium sulfate, and the solvent was distilled away with an evaporator to give 248 g of oily substance. 
The substance was purified by heating at 1 85 to 1 SO^'C under a reduced pressure (0.7 mmHg) for 30 minutes to remove 

50 low-boiling point components. As a result 226 g of Compounds (8-1) was obtained. The corrposition of the obtained 
Compounds (8-1) as determined by gas chromatography w^s as follows: 34% of monoalkyi product; 47% of dialkyi 
product; 16% of trialkyi product; and 1% of tetraalkyi product. 
IR (NEAT, cm-1): 

2956 (C-H stretching). 1473. 1368 (C-H deformation), 1 104 (C-O stretching) 

56 
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Example 

Synthesis of a m ixture of 2.3.4.5-tetra-0'methvM.6-di-0-(3.5.5>trimethvlhexvnsorbitoL 2.4.5-tri-0-fnethvt-1 .S S^tri-O* 
(3.5.5-trimethvlhexvnsorbitol. di>0-methvM ■ 3.6.x-1etra>0-f3.5.5>trimethvlhexvl)sQrbitol. and 2.3 4.5.6>penta>0-methyi> 
^ 1 -0-(3.5.5>trimethvlhexvnsorbitol (methvl-capp ed ether alcohols having an average alkvl substiluent number of 3.1) 
rCompounds rs-g^] 

In a 2-ltter reaction vessel equipped with a thermometer, a reflux condenser, a dropping funnel, and a stirrer. 25.35 
g (1 .06 mol) of sodium hydride powder and 500 ml of toluene were placed. 1 00 g (0.2 mol) of Compounds (4) obtained 

10 in the same way as in Example 1-4. i.e.. a mixture of mono-, di-. tri-. and letra-0-(3,5.5-trimethylhexyl)sorbitoI. was 
dissolved In 100 ml of toluene, and added dropwise to the vessel over 30 minutes with stirring at room temperature 
under nitrogen atmosphere. Then. 200 ml of toluene was added to the vessel. The reaction mixture was heated to 1 lO^'C 
and refluxed with stirring for 30 minutes at 1 10**C. After the mixture was cooled to 50**C. 133.22 g (1 .06 mol) of dimethyl 
sulfate was added dropwise over 1 hour with the temperature maintained below 50*^0. 600 ml of toluene was further 

75 added and the mixture was matured for 1 hour at 80**C. After the mixture was cooled and 422.5 g of 10% aqueous 
solution (1.06 mol) of sodium hydroxide was added, the mixture was stirred at 70 to 80'C for 30 minutes. After being 
cooled to room temperature, the mixture was allowed to phase separate. The lower layer was discarded. The upper 
layer was washed four times with 200 ml of saturated brine. Then, the mixture was dried over anhydrous sodium sulfate, 
and subjected to adsorption treatment with 2.2 g of activated carbon (2% by weight of activated carbon based on the 

20 theoretical yield). After filtration, toluene in the filtrate was distilled away to give oily substance. The oily substance was 
further heated under a reduced pressure of 0.7 mmHg and the forerun was discarded until the Internal temperature 
reached 200*'C. As a result. 70.4 g of Compounds (8-2) was obtained (yield: 64.4%). 

The purity of the Compounds (8-2) was determined to be 96.1% by gas chromatography. 

The composition of the mixture was as follows: 3.5% by weight of 2,3,4, 5,6-penta-0-methyl-1-0-(3.5,5-trimethyl- 
25 hexyl)sorbitol; 37.6% by weight of 2.3,4.5-tetra-0-methyl-1,6-di-0-(3,5,5-trimethylhexyl)sorbitol: 42.9% by weight of 
2,4,5-tri-0-methyl-1.3,6-tri-0-(3,5.5-trimethylhexyl)sorbrtol: and 12.1% by weight of di-0-methyl-1.3,6.x-tetra-0-(3.5,5- 
trimethylhexyl)sorbitol. 

Example 1-9 

30 

Synthesis of 1.6 -di-0-n-methvlpropvl>-0-n-methvlpropvlidene^sorfaitol [Compound (9b)1 

1) 1 .2:3.4:5.6-tri-0-(1 -methylpropylidene)sorbitol: Compound (9a) 

35 In a 3-liter reaction vessel equipped with a thermometer, a reflux condenser, a Dean and Stark trap, a calcium 
chloride tube, and a stirrer, 336.84 g (1 .849 mol) of D-sorbitol, 800 g (1 1 .094 mol) of methyl ethyl ketone. 17.58 g (0.092 
mol) of p-toluene sulfonic acid 1 hydrate, and 200 ml of hexane were placed and heated with stirring. A reaction was 
carried out at a temperature of from 69 to 79**C for 8 hours while distilling off a theoretical amount of water. After being 
cooled to 60**C. the reaction mixture was neutralized by adding 19.60 g (0.185 mol) of sodium carbonate, and stirred at 

40 SO^'C for 30 minutes. After 200 g of water was added to the mixture and stirred at 60*C for 30 minutes, the mixture was 
allowed to stand to separate into two layers. After the tower layer was discarded, the rennaining mixture was washed 
with 200 g of saturated brine, and evaporated to give 643.75 g of crude Compound (9a). The crude compound was 
subjected to a reduced-pressure distillation to give 606.71 g of Compound (9a) (yield: 95.3%). The obtained Compound 
(9a) had a boiling point of 136 to 140*'C at 0.6 mmHg. purity as determined by gas chromatography of 97.3%. and a 

45 hydroxyl value of 1 2.9 (theoretical value:0). 

2) 1.6-di-0-(1-methylpropyl)-0-(1-methylpropylidene)sorbitol: Compound (9b) 

In a 1 -liter autoclave, 571.5 g (1.659 mol) of Compound (9a) obtained above, and 11.43 g (2% by weight) of 5% 
50 Pd/C catalyst were placed, the 5%Pd/C catalyst being prepared by drying a commercially available product with 50% 
moisture content (5% Pd carbon piowder with 50.0% moisture content. E-type. pH 6.0. manufactured by N. E. Chemcat 
Corp.) at room temperature for one day under a reduced pressure using a vacuum pump. The temperature of the auto- 
clave was raised with stin-ing the mixture under a hydrogen pressure of 20 kg/cm^. Then the mixture was kept for 15 
hours under a hydrogen pressure of 200 kg/cm2 with the heating maintained at 190*C. The hydroxyl value at the com- 
55 pletion of the reaction was 403.5 [theoretical value: 480.23 (as an ether alcohol with an average alkyl substituent number 
of 3.0)]. The reaction mixture was dissolved in 200 ml of isopropanol. and the mixture was subjected to a pressure- 
filtration through a membrane filter (PTFE. 0.2pm). The filtrate was evaporated to give 551.34 g of a crude Compound 
(9b) (yield of crude compound: 96.5%). The composition of the crude compound determined by gas chromatography 
was as follows: l6%of dialkyi ether; 20%of trialkyi ether:51%of dialkyi ether monoketal; 10%of trialkyi ether monoketal; 
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and 1% of tetraalkyi ether. 500 g ot the crude compound was dissolved in 500 ml of hexane, which was washed three 
times with methanol/water (200 ml/200 ml), three times with methanol/water (200 ml/100 ml), and four times with meth- 
anol/water (1 00 ml/1 00 ml). The upper hexane layer obtained was evaporated to give 251 .84 g of partially purified hydro- 
genated compound. 

5 The obtained compound was dissolved in 250 ml of hexane and purified by silica get column chromatography. The 

fractions eluted with hexane/ethanol (99/1) were collected and evaporated to give 131.92 g of Compound (9b). The 
obtained Compound (9b) has a purity of 97.7% as determined by gas chromatography, and a hydroxyl value of 327.5 - 
(theoretical value: 322.01). 
IR (NEAT cm-1): 

10 3492 (O-H stretching), 2972. 2936. 2884 (C-H stretching). 1468. 1378 (C-H deformation), 1082 (C-O stretching) 

iHNMR(CDCl3.6ppm): 

0.92 (9H, triplet, -CH2CH3) 

1.12 (6H, doublet. -CH2CH3) 

1 .38 {3H. singlet. (-0-)2C(CH3)CH2CH3) 
IS 1 .43-1 .80 (6H. multiplet -CH2CH3) 

2.85 {2H. singlet. -OtD 

3.29- 4.33 (10H. multiplet. -O-Cidb- -O-CH-) 
MASS(FD):349(M+1) 

20 Example V1Q 

Synthesis of 1.3.6-tri-0-f1-methvlDrQDvnsorbitQl r Comoound (^(^^^ 

251 .84 g of the partially purified hydrogenated compound obtained in Example 1 -9 was dissolved in 250 ml of hexane 
25 and purified by silica gel column chromatography That is. after Compound (9b) was eluted with hexane/ethanol (99/1). 
fractions eluted with hexane/ethanol (95/5) were collected and evaporated to give 55.42 g of Compound (10). The 
obtained compound had a purity of 97.3% as determined by gas chromatography and a hydroxyl value of 453.1 (theo- 
retical value of 480.24). 
IR(NEATcm-i): 

30 3464 (O-H stretching). 2972. 2932, 2880 (C-H stretching), 1466. 1380 (C-H deformation), 1086 (C-O stretching) 

iHNMR(CDCl3.6ppm): 

0.92 (9H. triplet, -CH2CH3) 

1.13 (9H. doublet. -CHCHs) 
1.32-1.78 (6H. multiplet, -CH2CH3) 

35 3.13{3H. broad singlet, -OtD 

3.30- 4,02 (-O-CJH2-, -0-CH-) 
MASS(FD):351 (M+1) 

Examole 1-11 

40 

Synthesis of 1.6-di-0-(1-methvlDroDvn-di-0-methvl- 0-M-methvlDroDvlidene)sorbitol f Compound M1^] 

In a 1 -liter reaction vessel equipped with a thermometer, a reflux condenser, a dropping funnel, and a stirrer. 12.38 
g (0.51 6 mol) of sodium hydride powder and 300 ml of toluene were placed. 70 g (0.201 mol) of Compound (9b) obtained 

45 In Example 1-9 was dissolved in 100 ml of toluene, and added dropwise to the vessel over 20 minutes with stirring at 
room temperature under nitrogen atmosphere. The reaction mixture was heated to 1 10*'C and refluxed with stirring for 
30 minutes. After the mixture was cooled to 50**C. 65.08 g (0.516 mol) of dimethyl sulfate was added dropwise over 1 
hour with the temperature maintained at 50*C. The mixture was matured for 1 hour at 80*C. After the mixture was cooled 
and 206.4 g of 10% aqueous solution (0.516 mol) of sodium hydroxide was added, the mixture was stirred at 70 to 80*'C 

50 for 30 minutes. After being cooled to room temperature, the mixture was extracted with 200 ml of ether, washed twice 
with 100 ml of saturated brine, dried over anhydrous sodium sulfate, and evaporated to give 76.72 g of viscous oily 
substance. The substance obtained was subjected to a reduced-pressureudistillation to give 68.83 g of Compound (11) 
(yield: 92.1%). The obtained Compound (11) had a boiling point of 127 to 128*»C at 0.4 mmHg. a purity of 99.0% as 
determined by gas chromatography, and a hydroxyl value of 0.67 (theoretical value: 0). 

55 IR(NEATcm-i): 

2974. 2925 (C-H deformation). 1470, 1377, 1341 (C-H deformation), 1089 (C-O stretching) 
iHNMR(CDCl3.5ppm): 

0,90 (9H, triplet, -CHgCJi) 

1.10-1.20 (6H. multiplet. -CH(CH3CH2CH3) 
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1.29-1.42 (3H. multlplet. (•0-)2C(CH3)CH2CH3) 
1.42-1.80 (6H. multlplet, -CH2CH3) 

3.29-3.80 (14H, multlplet. -CH2-0-CH(CH3)CH2CH3. CH-O-CHs) 
• 5 Example 1-12 

Synthesis of 2.4.5-trl-0-ethvl-1.3.6-tfl-0-n-methvlDropvnsorbltol fCompound M2)] 

, In a 300-milliliter reaction vessel equipped with a thermometer, a reflux condenser, a dropping funnel, and a stirrer, 
10 3.70 g (0.154 mol) of sodium hydride powder and 100 ml of toluene were placed. 12 g (0.0342 mol) of Compound (10b) 
obtained in Example 1-10 was dissolved in 50 ml of toluene, and added dropwise to the vessel over 20 minutes with 
stirring at room temperature under nitrogen atmosphere. The reaction mixture was heated to HO^'C and refluxed with 
stirring for 30 minutes with maintaining the temperature. After the mixture was cooled to 50'C. 23.75 g. (0.154 mol) of 
dimethyl sulfate was added dropwise over 45 minutes with the temperature maintained at 50**C. The mixture was matured 
15 for 2 hours at 80**C. After the mixture was cooled and 61.6 g (0.154 mol) of 10% aqueous solution of sodium hydroxide 
was added, the mixture was stirred at 70 to 80**C for 30 minutes. After the mixture was cooled to room temperature, the 
lower layer was discarded, and the upper toluene layer was washed twice with 50 ml of saturated brine, dried over 
anhydrous sodium sulfate, and evaporated to give 14.8 g of viscous oily substance. The substance obtained was sub- 
jected to a reduced-pressure distillation to give 13.69 g of Compound (12) (yield: 92.0%). The obtained Compound (12) 
20 had a boiling point of 145 to 146*C at 0.5 mmHg. a purity of 96.2% as determined by gas chromatography, and a hydroxy! 
value of 0.5 (theoretical value: 0). 
IR (NEAT, cm-1): 

2974. 2932. 2878 (C-H stretching), 1467. 1377, 1 34 1(C-H deformation). 1110 (C-O stretching) 
1H NMR {CDCI3. 6ppm): 
25 0.82-1 .08 (9H, triplet, -CH(CH3)CH2CH3) 

1.08-1.80 (24H. multlplet, -CH(Chb)CH2CH3. -OCHzCbb) 
3.21-4.00 (17H, multlplet -CH-O-CH2-, -CH-OCid(CH3)-) 

Example 1-13 

30 

Synthesis of 1.6-dl-0-n.3-dimethvlbutvn-0-f1.3-dimethvlbutvlidene^ sorbitol f Compound HSb)] 
1) 1. 2:3.4 :5.6-tri-0-(1.3-dimethylbutylidene)sorbitol: Compound (13a) 

35 In a 3-liter reaction vessel equipped with a thermometer, a reflux condenser, a Dean and Stark trap, a calcium 
chloride tube, and a stirrer. 363.76 g (1.997 mol) of D-sorbltol, 1200 g (11.981 mol) of methyl Isobutyl ketone. 18.99 g 
(0.0998 mol) of p-toluene sulfonic acid 1 hydrate, and 300 ml of hexane were placed and heated with stirring. A reaction 
was carried out at a temperature of from 93 to 98'*C for 23 hours while distilling off a predetermined amount of water. 
After being cooled to eo^'C, the reaction mixture was neutralized by adding 21 .16 g (0.1996 mol) of sodium carbonate. 

40 and stirred at 60**C for 30 minutes. After 200 g of water was added to the mixture and stirred at 60"C for 30 minutes, the 
mixture was allowed to stand to separate Into two layers. After the lower layer was discarded, the remaining mixture was 
washed with 200 g of saturated brine and evaporated to give 736.65 g of crude Compound (13a). The obtained crude 
Compound (13a) was subjected to a reduced-pressure distillation and a forerun was discarded. 657.62 of the residue 
obtained was subjected to an adsorption treatment by passing through 33 g (5% by weight to the residue) of activated 

45 clay on a filter (PTFE, 0.2 \itr\) by a pressure filtration. As a result. 637,44 g of Compound (13a) was obtained (yield: 
74.5%). 

The purity of Compound (13a) as determined by gas chromatography was 96.1%, and a hydroxy! value was 34.3 

(theoretical value:0). 

so 2) 1 .6-di-0-(1 .3-dimethylbutyl)-P-(1 ,3-dimethy!butylidene)sorbitol: Compound (13b) 

In a 1 -liter autoclave, 61 2 g (1 .428 mol) of Compound (1 3a) obtained above, and 1 2.24 g (2% by weight) of 5% Pd/C 
catalyst were placed, the 5%Pd/C catalyst being prepared by drying a commercially available product with 50% moisture 
content (5% Pd carbon powder with 50.0% moisture content, E-type, pH 6.0. manufactured by N. E. Chemcat Corp.) at 
55 room temperature for one day under a reduced pressure using a vacuum pump. The temperature of the autoclave was 
raised with stirring the mixture under a hydrogen pressure of 20 kg/cm2. Then the mixture was kept for 10 hours under 
a hydrogen pressure of 200 kg/cm2 at 1 90**C. The hydroxyl value at the completion of the reaction was 366.9 [theoretical 
value: 387.25 (as an ether alcohol with an average alkyi substituent number of 3.0)]. The reaction mixture was dissolved 
In 200 ml of hexane, and the mixture was subjected to a pressure-filtration through a membrane filter (PTFE, 0.2Mm). 
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The filtrate was evaporated to give 482.73 g of hydrogenated Compound (13b) (yield: 77.8%). The composition of the 
hydrogenated compound determined by gas chromatography was as follows: 21% of dialkyi ether; 20% of trialkyi ether; 
37% of dialkyi ether monoketal; and 8% of trialkyi ether monoketal. 360 g of the compound was purified by silica gel 
column chromatography using a hexane/ethanol (volA^ol=97/3) developing solvent to give 66.0 g of Compound (13b). 
5 The purity of the obtained Compound (13b) as determined by gas chromatography was 98.3%, and the hydroxyl value 
was 267 (theoretical value: 259). 
IR(NEAT.cm-i): 

3436 (0-H stretching). 2960. 2878 (C-H stretching). 1470, 1377 (C-H deformation). 1092 (C-0 stretching) 
iHNMR (CDCl3. 6ppm): 
10 0.80-1 .09 (1 8H, multiplet. -CH(Cid3)2) 

0:80-1.30 (9H, multiplet -OCH(CH3)CH2% (-0-)2C(CH3)CH2-) 
1.30-1.65 (8H. multiplet -CH2CH(CH3)2) 
1.65-1.82 (2H. multiplet, -CH(CH3)2) 
2.36-2.82 (2H, broad singlet. -OiH) 
75 3.33-4.40 (1 OH. multiplet -CtlOCa2- -CH-O-) 

MASS (FD):433 (M+1) 

Example 1-14 

20 Synthesis of 1 .e-di-O-n .3-dimethvlbutvhsorbitol fComoound M4^1 

The hydrogenated compound obtained in Example 1-13 was purified by further carrying out silica gel column chro- 
matography. That is. after Compound (13b) was eluted with hexane/ethanol (vol/vol =97/3), Compound (14) was eluted 
with a hexane/ethanol (vol/vol=:95/5) developing solvent. As a result, 57.9 g of Compound (14) was obtained. The purity 
25 of Compound (14) was determined to be 83.7% by gas chromatography, and the hydroxyl value of the compound was 
614 (theoretical value: 641). 
I R (NEAT, cm'i): 

3436 (O-H stretching). 2962. 2873 (C-H stretching), 1470. 1377 (C-H deformation). 1089 (C-O stretching) 
1HNMR(CDCI3. 6ppm): 
30 0.85 - 1 .02 (12H. multiplet. -CH(CH3)3) 

1 . 1 5 (6H, doublet, -OCH(Ct!3)-) 
1.22-1.64 (4H, multiplet. -CH2CH(CH3)2) 
1.64-1.90 (2H. multiplet. -CH(CH3)2) 
3.32 (4H. singlet -OM) 
35 3.45-4.02 (1 OH. multiplet. -CHOCHr -CH-0-) 

MASS (FD):351 (M+1) 

Example 1-15 

40 Synthesis of 1.6-di-0-(1.3-dimethvlbu tvh-di-0-methvl-0-n.3-dimethvlbutvlidene^sorbitol [Compound MS)) 

In a 1 -liter reaction vessel equipped with a thermometer, a reflux condenser, a dropping funnel, and a stirrer. 15.6 
g (0.39 mol) of sodium hydride (content:60%. oily) was placed. The sodium hydride was washed with 1 00 ml of hexane 
by decantation. To the vessel, 200 ml of toluene was added and stirred, to which 64.1 g (0.15 mol) of Compound (13b) 

45 obtained in Example 1-13 dissolved in 100 ml of toluene was added dropwise over 15 minutes at room temperature. 
The mixture was further stirred for 1 hour at lOO^'C. After the mixture was cooled to 40**C, 49.1 g (0.39 mol) of dimethyl 
sulfate was added dropwise over 1 hour with the temperature maintained below 60**C. After the mixture was further 
stirred for 1 hour at 60*C and cooled. 156 g of 10% aqueous solution (0.39 mol) of sodium hydroxide was added and 
the mixture was stirred at 70 to 80**C for 1 hour. After cooling, the mixture was allowed to phase separate. The water 

so layer was extracted twice with 150 ml of diethyl ether, and the organic layer was combined with ether extracts. The 
mixture was washed three times with 100 ml of saturated brine, dried over anhydrous sodium sulfate, and evaporated 
to distill away the solvent to give 68.0 g of viscous oily substance. The substance obtained was purified by silica gel 
column chromatography using a hexane/diethyl ether [95/5 - 90/10 (vol/vol)] developing solvent. a result. 56.6 g of 
Compound (15) was obtained. The purity determined by gas chromatography was 97.7%. 

55 IR(NEAT, cm-1): 

2956. 2878 (C-H stretching). 1470, 1374 (C-H deformation). 1125, 1095 (C-0 stretching) 
1HNMR(CDC13. 6ppm): 

0.70 - 1.08 (18H. -CH2CH(Chb)2) 

1.08 ■ 1.30 (9H. -OCH(Ctb)CH2-. (-0-)2C(Ctb)CH2-) 
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1.30 - 1.67 (6H. -OCH(CH3)Cid2-. (-0-)2C(CH3)Ctbr) 
1.67-1.96 (3H. -Cti(CH3)2) 
. _ 3.22 - 4.25 (1 6H. -O-Ctb" -0-CH-. -OCH3) 

5 Example 1-16 

Synthesis of a mixture of 2.3.4. S-tetra-O-methvl-l .6-di-O-n .S-dimethvlbutvllsorbitol. 2.4.5>tri>0»methvl>1 .3.6-tri-O-f 1 .3- 
dimethvlbutvnso rbitol. 1 .e'dt-O-f 1 .3<iimethvlbutvl>>diO-methvl-0-n .3'dimethvlbutviidene)sorbitQl. O-methvl-1 .3.6>tri> 
0-h.3<jim'ethvlbutv(VO-(1.3 -dimethvlbutvlidene)sorbitol.2.3.4.5.6-penta-0-methvlOO^ 
10 di'6-methvM .3.6.x-tetra-0-(1 .S-dimethvlbutyhsorbilQl { Compounds Mfir.)] 

1) Ketals formed from sorbitol and methyl isobutyl ketone: Compounds (16a) 

In a 3-liter reaction vessel equipped with a thermometer, a reflux condenser, a Dean and Stark trap, a calcium 
75 chloride tube, and a stirrer. 363.76 g (1.997 mol) of D-sorbitol. 1200 g (11.981 mol) of methyl isobutyl ketone. 18.99 g 
(0.0998 mol) of p-toluene sulfonic acid 1 hydrate, and 300 ml of hexane were placed and heated with stirring. A reaction 
was carried out at a temperature of from 93 to SS'^C for 5 hours while distilling off 60% of a predetermined amount of 
water. After being cooled to 60*'C. the reaction mixture was neutralized by adding 21.16 g (0.1996 mol) of sodium car- 
bonate, and stirred at eo^^C for 30 minutes. After 200 g of water was added to the mixture and stirred at 60**C for 30 
20 miriutes, the mixture was allowed to stand to separate into two layers. After the lower layer was discarded, the remaining 
mixture was washed with 200 g of saturated brine, and evaporated to give 544.6 g of crude Compounds (16a). The 
obtained crude Compounds (16a) was subjected to a reduced-pressure distillation and a forerun was discarded. 486.2 
of the residue obtained was subjected to an adsorption treatment by passing through 24.31 g (5% by weight to the 
residue) of activated clay on a filter (PTFE. 0.2 ^m) under pressure. As a result, 471.3 g of Compounds (16a) was 
25 Obtained (yield: 55.1%). The purity of Compounds (16a) as determined by gas chromatography was 95% [including both 
diketal and triketal; diketal/triketal=33/67 (weight ratio)]. 

2) Hydrogenated compounds of ketals formed from sorbitol and methyl isobutyl ketone: Compounds (16b) 

30 In a 1-liter autoclave. 450 g (1.120 mol) of Compounds (16a) obtained above, which was sufficiently dehydrated, 
and 9.0 g (2% by weight) of 5% Pd/C catalyst were placed, the 5%Pd/C catalyst being prepared by drying a commercially 
available product with 50% moisture content (5% Pd carbon powder with 50.0% moisture content, E-type, pH 6.0, man- 
ufactured by N. E. Chemcat Corp.) at room temperature for one day under a reduced pressure using a vacuum pump. 
The temperature of the autoclave was raised with stirring the mixture under a hydrogen pressure of 20 kg/cm2. Then 

35 the mixture was kept for 20 hours under a hydrogen pressure of 200 kg/cm2 at 190*C. After the completion of the reaction, 
the mixture was dissolved in 200 ml of hexane. and subjected to a pressure-filtration through a membrane filter (PTFE. 
0.2jim). Hexane in the filtrate was distilled away to give 433 g of a crude Compounds (1 6b) (yield of the crude compounds: 
95%). 

The purity of the compounds obtained was determined to be 90% by gas chromatography (including dialkyi ether. 
40 trialkyi ether, dialkyi ether monoketal, trialkyl ether monoketal, monoalkyi ether, and tetraalkyi ether; weight ratio of the 
.components: dialkyi etheritrialkyi ether :dialkyl ether monoketal: trialkyl ether monoketal: monoalkyi ether: tetraalkyi ether 
=r 63.5 : 16.0 : 14.7 : 2.9 : 2.7 : 0.2; hydroxyl value =444.5). 

3) A mixture of 2,3,4,5-tetra-0-methyl-1.6-di-0-(1,3-dimethylbutyl)sorbitol, 2,4.5-tri-0-methyl-1 ,3,6-trl-0-(1.3-dimethyl- 
butyl)sorbitol, 1 ,6-di-0-(1 ,3-dimethylbutyl)<ii-0-methyl-0-(1 ,3-dimethylbutylidene)sorbitol, 1 .6,x-tri-0-(1 ,3-dimethyl- 

45 butyI)-0-methyl-0-(1 ,3-dimethylbutylidene)sorbitoI, 2.3.4.5,6-penta-0-methyl-1-0-(1 ,3-dimethylbutyl)sorbitol, and di-O- 
methyl-1,3.6,x-tetra-0-(1,3-dimethylbutyl)sorbitol: Compounds (16c) 

In a 2-liter reaction vessel equipped with a thermometer, a reflux condenser, a dropping funnel, and a stirrer. 28.5 
g (1.19 mol) of sodium hydride powder and 900 ml of toluene were placed. 100 g (0.79 mol as hydroxyl group) of 
Compounds (16b) obtained in 2) above was dissolved in 100 ml of toluene, and added dropwise to the vessel over 30 

50 minutes with stirring under nitrogen atmosphere. Then 50 ml of toluene was added to the vessel. The reaction mixture 
was heated to 1 lO^C and refluxed with stirring for 1 hour at 1 10*'C. After the mixture was cooled to SO^C. 149.9 g (1.19 
mol) of dimethyl sulfate was added dropwise over 1 hour with the temperature maintained at 50*C. 300 ml of toluene 
was added and the mixture was matured for 1 hour at 80*C. After the mixture was cooled and 476 g of 10% aqueous 
solution (1.19 mol) of sodium hydroxide was added, the mixture was stirred at 70 to SO^'C for 30 minutes. The mixture 

55 was cooled to room temperature and allowed to stand to phase separate. The lower layer was discarded. The upper 
toluene layer was washed 4 times with saturated brine, dried over anhydrous sodium sulfate, and evaporated to give 
98.4 g of viscous oily substance, Compounds (16c) (yield: 89%). The purity of the substance was determined to be 90% 
by gas chromatography The composition of the substance was as follows: 56.8% by weight of 2,3,4,5-tetra-O-methyl- 
1.6-di-0-(1,3-dimethylbutyl)sorbitol, 14.3% by weight of 2,4.5-tri-0-methyl-1.3,6-tri-0-(1.3-dimethylbutyl)sorbitol, 3.2% 
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by weight of 1,6-di-0-(1.3-dimethylbutyl)-dhO-methyl-0-{1 .3-dimethylbutylldene)sorbitol, 2.6% by weight of 1,3,6-triO- 
(1.3-d}methylbutyl)-0-methyl-0«(1.3-dimethylbutylidene)sorbitol. 2.4% by weight of 2.3.4.5.6-penta-O-methyl-1-0-(1,3- 
dimethylbutyl)sorbitol. and 2% by weight of di-0-methyM.3.6.x-tetra-O-(1.3-dimethylbutyl)sorbitol 
IR(NEAT. cm~i): 

5 . 2956. 2878. 2830 (C-H stretching), 1470. 1374. 1350(C-H deformation). 1110 (C-0 stretching) 

10 
75 
20 
2S 
3D 
35 
40 
45 
SO 
55 
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With respect to each of the oils used in the present inventive products and comparative products, kinematic viscos 
ities at AO^'C and 100*C were measured in accordance with JIS K-2283. The results are shown in Tables 1 and 2. 
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With respect to each of the oils used in the present inventive products and comparative products, fluidity at low 
temperatures was measured. Specif icahy, oil samples used in Example 2-1 were placed in a constant temperature vessel 
5 maintained at -20'*C for 1 hour, and observed whether or not the samples showed fluidity. The results are shown in 
Tables 1 and 2. 

Example 2-3 

10 Each of inventive products and comparative products was prepared, each being a composition consisting of 1 , 1 . 1 ,2- 
tetrafluoroethane (HFCl34a) and one of the oils for inventive and comparative products listed in Tables 3 and 4. and 
the compatibility between the hydrofluorocarbon and the oil was evaluated. Specifically, the two-phase separation tem- 
perature for 1.1,1,2-tetrafluoroethane at low temperatures was measured at sample oil concentrations of 10 vol%, 20 
vol%. 30 vol%, and 40 vol%. The results are shown In Tables 3 and 4. 
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As is evident from Tables 3 and 4. the oils used in the inventive products had a better compatibility with HFCl34a 
than those used in the comparative products. 
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Example 2-4 

Each of the present inventive products was tested for the thermal stability by a sealed tube test. 
Specif ically. 10 g of an oil with a moisture content adjusted below 20 ppm and 5 g of HFCl34a were placed in a 
5 glass tube. After iron, copper, and aluminum were added thereto as catalysts, the glass tube was sealed. After tested 
at 1 75*C for 14 days and 28 days, the composition of oil and HFC134a was observed tor Its appearance and presence 
of precipitation. After HFC 1 34a was removed, the acid value of oil was measured. The results are shown in Tables 5 and 6. 
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As is evident from Tables 5 and 6. the thermal stability of the inventive products was good, all of the Inventive products 
showing no abnormality in appearance, and no precipitation. 
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Example 2-5 

:.Each of the present inventive products and a comparative product were tested tor the hydrolysis resistance by a 
sealed tube test 

5 Specifically, 1 0 g of an oil with a moisture content adjusted at 3000 ppm. and 5 g of HFCI 34a were placed in a glass 

tube. After iron, copper, and aluminum were added thereto as catalysts, the glass tube was sealed. After tested at 1 75**C 
for 14 days, the composition of oil and HFCl34a was observed for its appearance and presence of precipitation. After 
the hydrofluorocarbon was removed, the acid value of oil was measured. The results are shown in Tables 7 and 8. As 
is evident from Tables 7 and 8, the hydrolysis resistance of the Inventive products was good, with showing no abnormality 
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in appearance, no precipitation, and, unlike the comparative product using an ester, no increase in the acid value. 
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Example 2-6 



With respect to each oi the oils used in the present inventive products and comparative products, volume resistivity 
at 25*^0 was measured in accordance with JIS 0-2101. The results are shown in Tables 9 and 10. 
5 As is evident from Tables 9 and 10. the oils used in the inventive products had better volume resistivity than those 

used in the comparative products. 
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Example 2-7 

Each of the present inventive products, each comprising a hydrofluorocarbon and a refrigeration oil containing an 
ether compound used in the present invention and additives, was tested lor the thermal stability, etc. by a sealed tube test. 

5 Specifically. 10 g of an oil with a moisture content adjusted at 3000 ppm and 5 g of HFC 134a were placed in a glass 

tube. After iron, copper, and aluminum were added thereto as catalysts, the glass tube was sealed. After tested at 1 75"C 
for 14 days, the composition of oil and HFCl34a was observed for its appearance and presence of precipitation. After 
HFCl34a was removed, the moisture content of the oil was measured. The results are shown in Table 1 1. As is evident 
from Table 11, the thermal stability of the inventive products was good, with all of the inventive products showing no 

10 abnormality in appearance, and no precipitation. Also, a good dehydration could be achieved. 

While the invention has been described in detail and with reference to specific embodiments thereof, it will be appar- 
ent to one skilled in the art that various changes and modifications can be made therein without departing from the spirit 
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and scope thereof. 
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Claims 

1 . A polyol ether derivative represented by any one of the following general formulas (1) to (IV): 
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(IV) 



wherein Ri represents a hydrogen atom, a linear alkyi group having 1-21 carbon atoms or a branched alkyi group 
having 3-21 carbon atoms; R2 represents a branched alkyi group having 3-17 carbon atoms when Ri represents a 
hydrogen atom, or R2 represents a linear alkyi group having 1-21 carbon atoms or a branched alkyi group having 

25 3-21 carbon atoms when Ri represents a linear alkyi group having 1-21 carbon atoms or a branched alkyi group 
having 3-21 carbon atoms; Ri and R2 may together join to form a ring with an alkylene group having 2-13 carlDon 
atoms: 2 to 6 pairs ot R-i and R2 may be identical or different; k^ represents a number of 0-5, pi represents a number 
of 0-2, mi represents 0 or 1, wherein ki, pi and m-i satisfy the equation k^ + (m^ + 2)p^ = 5 ; k2 and n2 each 
represents a number of 0-4, p2 represents a number of 0-2, m2 represents 0 or 1 , wherein k2, p2» rn2 and n2 satisfy 

30 the equation k2 (mg 2)P2 -1- = 4 ; R3 represents a hydrogen atom, a linear alkyi group having 1-8 carbon 
atoms or a branched alkyi group having 3-8 carbon atoms: and repeating units in formulas (I) and (M) may be arranged 
at random or in block form. 

2. The polyol ether derivative according to claim 1 , wherein an alcohol residue of the polyol ether derivative is derived 
35 from sorbitol. 

3. A method for producing a polyol ether derivative represented by any one of formulas (VII) to (X), comprising the 
steps of: 

reacting a hexahydric alcohol represented by the following formula (V): 

40 

OH OH OH OH 
I i I I 
HO-CHj -CH-CH-CH-CH-CH2 -OH (V) 

45 



with a cartx)nyl compound represented by the following formula (VI): 

~>C = 0 CVI) 



wherein Ri represents a hydrogen atom, a linear alkyi group having 1-21 carbon atoms or a branched alkyi group 
having 3-21 carbon atoms; and R2 represents a linear alkyi group having 1-21 carbon atoms or a branched alkyi 
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group having 3-21 carbon atoms, or with a reactive derivative thereof, i.e., an acetal or a ketal, in the presence of 
an acid catalyst to form a cyclic acetal or a cyclic Ketal; and 

hydrogenating, and optionally further alkylating the cyclic acetal or the cyclic ketal to give a polyol ether 
derivative represented by the following formulas (VII) to (X): 
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wherein Ri represents a hydrogen atom, a linear alkyi group having 1-21 carbon atoms or a branched alkyi group 
having 3-21 carbon atoms; R2 represents a linear alkyi group having 1-21 carbon atoms or a branched alkyi group 

. having ^3-21 carbon atoms; Ri and R2 may together join to form a ring with an alkylene group having 2-13 carbon 
atoms;'2to6pairs of Ri and R2may be identical or different; ki represents a number of 0-5. pi represents a number 
of 0-2, m-i represents 0 or 1, wherein ki. pi and mi satisfy the equation + (m^ + 2)pi = 5 ; k2 and n2 each 
represents a number of 0-4, p2 represents a number of 0-2, m2 represents 0 or 1 . wherein k2. P2, m2 and n2 satisfy 
the equation k2 + (mg -i- 2)p2 ng = 4 ; R3 represents a hydrogen atom, a linear alkyi group having 1-8 carbon 
atoms or a branched alkyi group having 3-8 carbon atoms; and repeating units in formulas (VII) and (VIM) may be 

' arranged at random or In block form. 

The method according to claim 3. wherein the hexahydric alcohol represented by formula (V) is sorbitol. 

The method according to claim 3 or 4. wherein, in formulas (VII) to (X), Ri represents a hydrogen atom and R2 
represents a linear alkyI group having 1-13 carbon atoms or a branched alkyi group having 3-13 carbon atoms, or 
wherein Ri and R2 in formulas (VII) to (X) each represents a linear alkyi group having 1-13 carbon atoms or a 
branched alkyi group having 3-13 carbon atoms. 

A working fluid composition for a refrigerating machine, comprising a hydrof luorocarbon and a refrigeration oil con- 
taining a polyol ether derivative represented by the following formula (XI) as a base oil: 

R^ R5 

' I I 

^000 (XI) 
R^ -OCH2 CHCHCHCHCH2 0~R* 



wherein R1 to R6 may be identical or different, each representing a linear alkyi group having 1-14 carbon atoms, a 
branched alkyi group having 3-14 carbon atoms or a cyclic alkyi group having 3-14 carbon atoms and the total 
number of carbon atoms of Ri to R6 being 8 to 40. 

The working fluid composition for a refrigerating machine according to claim 6, wherein a hexahydric alcohol residue 
of the compound represented by formula (XI) is derived from sorbitol. 

The working fluid composition for a refrigerating machine according to claim 6 or 7, wherein the compound repre- 
sented by formula (XI) is synthesized by the steps of: 

reacting a hexahydric alcohol represented by the following formula (V): 

OH OH OH OH 
I I I I 
HO-CHj -CH-CH-CH-CH-CH2 -OH (V) 



with (a) one or more carbonyl compounds represented by the following formula (XII) for ketallzation or acetalization: 



^0 = 0 



(XII) 



wherein R7 represents a hydrogen atom, a linear alkyi group having 1-13 carbon atoms, a branched alkyi group 
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having 3-13 carbon atoms or a cyclic alkyi group having 3-13 carbon atoms, and R8 represents a linear alkyi group 
having VI 3 carbon atoms, a branched alkyi group having 3-13 carbon atoms or a cyclic aikyl group having 3-13 
carbon atoms with the proviso that and/or have at least one hydrogen atom at a-position to the carbonyl 
group, and the total number of carbon atoms of P7 and R8 Is 1 -1 3; and P7 and Rs may together join to form a ring 
with an alkylene group having 2-13 carbon atoms, or with 

(b) reactive derivatives of said carbonyl compounds (ketal or acetal) for transketalization or transacetalization to 
obtain a cyclic ketal or a cyclic acetal; 

hydrogenating the cyclic ketal or the cyclic acetal to obtain a pofyol ether; and 

alkylating the polyol ether to give a poiyol ether derivative. 

The working fluid composition for a refrigerating machine according to claim 6 or 7. which further comprises one or 
more compounds selected from the group consisting of (a) 0,05 to 2.0 parts by weight of an epoxy compound, (b) 
0.01 to 100 parts by weight of an orthoester compound, (c) 0.01 to 100 parts by weight of acetal or ketal. and (d) 
0.05 to 5 parts by weight of carbodiimide, each amount of (a) to (d) being based on 1 00 parts by weight of the polyol 
ether derivative represented by formula (Xl). 



10. The working fluid composition for a refrigerating machine according to claim 8, which further comprises one or more 
compounds selected from the group consisting of (a) 0.05 to 2.0 parts by weight of an epoxy compound, (b) 0.01 
to 100 parts by weight of an orthoester conrpound. (c) 0.01 to 100 parts by weight of acetal or ketal. and (d) 0.05 

20 to 5 parts by weight of carbodiimide, each amount of (a) to (d) being based on 100 parts by weight of the polyol 
ether derivative represented by formula (XI). 

11 . A working fluid composition for a refrigerating machine, connprising a hydrofluorocarbon and a refrigeration oil con- 
taining as a base oil a polyol ether derivative represented by the following formula (XIIIaa) or (XIIIqb): 

25 



30 



R 



1 _ 



OCH2 - 




AX 



I 

0 
I 

CH 



(XIIIaa) 



-CH2 0-R» 
/c 



35 



40 



45 



R 



-OCH, - 




(XIII,,) 



CH -CHa 0-R' 



wherein R'* to R6 may be identical or different, each representing a linear alkyi group having 1-14 carbon atoms, a 
branched alkyi group having 3-14 carbon atoms or a cyclic alkyi group having 3-14 carbon atoms; R^ represents 

so an hydrogen atom, or a linear alkyi group having 1-13 carbon atoms, a branched alkyi group having 3-13 carbon 
atoms or a cyclic alkyi group having 3-13 carbon atoms; represents a linear alkyi group having 1-13 carbon 
atoms, a branched alkyi group having 3-13 carbon atoms or a cyclic alkyi group having 3-13 carbon atoms; R^ and 
R6 may together join to form a ring with an alkylene group having 2-13 carbon atoms; the total number of carbon 
atoms is 8-40 for Ri, R2, R3, R6, r7 and RS in formula (XIIIaa). and for Ri. R^. Rs, R6, r? and R8 in formula (XIIIbb). 

65 and is 1-13 for W and R8 in formulas (XIIIaa XIIIbb); and "a" to "e" are symbols for structure unit, and may be 
arranged in any sequential order. 

1 2. The working fluid composition for a refrigerating machine according to claim 1 1 , wherein a hexahydric alcohol residue 
of the compound represented by formula (XIIIaa) or (XIIIbq) is derived from sorbitol. 
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1 3. The working fluid composition for a refrigerating machine according to claim 11 or 12. wherein the compound rep* 
resented by formula (XIMaa) or (XIIIbb) >s synthesized by the steps of: 

reacting a hexahydric alcohol represented by the following formula (V): 

OH OH OH OH 
I I I I 
HO-CHs -CH-CH-CH-CH-CHa -OH (V) 



with (a) one or more carbonyt conpounds represented by the following formula (Xli) for ketalization or acetalization: 



IS RT 

R* 



C = 0 (XII) 



20 

wherein R7 represents a hydrogen atom, a linear alkyl group having 1-13 carbon atoms, a branched alkyi group 
having 3-13 carbon atoms or a cyclic aikyi group having 3-13 carbon atoms, and represents a linear alkyl group 
having 1-13 carbon atoms, a branched aikyI group having 3-13 carbon atoms, or a cyclic alkyl group having 3-13 
25 carbon atoms with the proviso that and/or R8 have at least one hydrogen atom at a-position to the carbonyl 
group, and the total number of carbon atoms of R7 and R8 is 1-13; and P7 and Re may together join to form a ring 
with an alkylene group having 2-13 carbon atoms; or with 

(b} reactive derivatives of said carbonyl compounds (ketat or acetal) thereof for transketalization or transacetalization 
to obtain a cyclic ketal or a cyclic acetal; 
30 hydrogenating the cyclic ketai or the cyclic acetal to obtain a polyol ether ketal or a polyol ether acetal; and 

alkylating the polyol ether ketal or the polyol ether acetal. 

14. The working fluid composition for a refrigerating machine according to claim 11 or 12, which further comprises one 
or more compounds selected from the group consisting of (a) 0.05 to 2.0 parts by weight of an epoxy compound, 

35 (b) 0.01 to 100 parts by weight of an orthoester compound, (c) 0.01 to 100 parts by weight of an acetal or a ketal. 
and (d) 0.05 to 5 parts by weight of carbodiimide, each amount of (a) to (d) being based on 100 parts by weight of 
the polyol ether derivative represented by formula (XIIIaa) or (XIMbb)- 

15. The working fluid composition for a refrigerating machine according to claim 13, which further comprises one or 
40 more compounds selected from the group consisting of (a) 0.05 to 2.0 parts by weight of an epoxy compound, (b) 

0.01 to 100 parts by weight of an orthoester compound, (c) 0.01 to 100 parts by weight of an acetal or a ketal, and 
(d) 0.05 to 5 parts by weight of carbodiimlde, each amount of (a) to (d) being based on 100 parts by weight of the 
polyol ether derivative represented by formula {XIII^a) or (XIIIbb)- 

45 16. The working fluid composition lor a refrigerating machine according to claim 6 or 11, wherein said polyol ether 
derivative has an average molecular weight in the range of from 200 to 800. 

17. The working fluid composition for a refrigerating machine according to claim 6 or 11, wherein said polyol ether 
derivative has an average molecular weight in the range of from 300 to 700. 

50 

18. The working fluid composition for a refrigerating machine according to claim 6 or 11. wherein said polyol ether 
derivative has a viscosity at 100**C of from 0.5 to 30 mm2/s. 

19. The working fluid composition for a refrigerating machine according to claim 6 or 11, wherein said polyol ether 
55 derivative has a viscosity at 40*C of from 1 to 300 mm2/s. 
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